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ABSTRACT
S h e l l - l e s s  o p i s t h o b r a n c h s  o f  C h e s a p e a k e  Bay,  i t s  t r i b u t a r i e s  
and  t h e  s e a s i d e  w a t e r s  o f  V i r g i n i a ’ s E a s t e r n  S h o r e ,  w e r e  s t u d i e d  from 
1968 u n t i l  1975  t o  d e t e r m i n e  f a u n a l  d i v e r s i t y ,  s e a s o n a l i t y ,  r e p r o d u c t i o n  
and  f o o d  h a b i t s .  L a b o r a t o r y  c u l t u r e  o f  eggs  a n d  r e a r i n g  o f  some 
l a r v a l  s t a g e s  was  p e r f o r m e d  I n  a l l  b u t  5 s p e c i e s .  A t o t a l  o f  23 s p e c i e s  
f rom  18 g e n e r a  o f  a p l y s l a c e a n s , s a c o g l o s s a n s  and  o u d l b r a n c h a  was 
i d e n t i f i e d .  Of t h e s e ,  8 s p e c i e s  a r e  r e p o r t e d  f rom  t h e  s t u d y  a r e a  f o r  
t h e  f i r s t  t i m e .  Tfco s p e c i e s ,  I d e n t i f i e d  o n ly  t o  g e n u s ,  a r e  p r o b a b l y  
new t o  s c i e n c e .  The  s o u t h e r n  r a n g e  o f  Do t o  c o r o n a t a  and A c a t i t h o d o r i s  
p l l o s a  i s  e x t e n d e d ,  as  i s  t h e  n o r t h w a r d  r a n g e  o f  F h y l l a p l y s i a  e n g e l i T 
Keys o f  egg m a sse s  and  a d u l t s  a r e  i n c l u d e d  t o  f a c i l i t a t e  i d e n t i f i c a t i o n  
o f  t h e  s p e c i e s  i n  t h i s  a r e a .  The l i f e  c y c l e  o f  D o r l o p s i l l a  p h a r p a , a 
n u d i b r a n c h  w i t h  d i r e c t  ( t y p e  3) deve lopm en t  i s  r e c o r d e d  f o r  t h e  
f i r s t  t i m e .  T h i s  i s  t h e  f i r s t  d o r l d  n u d i b r a n c h  f rom  t h e  N o r t h  A m er ican  
A t l a n t i c  C o a s t  t h a t  emerges  from t h e  egg mass  a s  a  j u v e n i l e .  C r a t e n a  
p i l a t a  (Gould) i s  a g a i n  s e p a r a t e d  from C r a t e n a  k a o r u a e  Marcus  by v i r t u e  
o f  i t s  s h a p e ,  c o l o r ,  b e h a v i o r  and egg m ass .
The o p i s t h o b r a n c h s  o f  t h e  a r e a  e x h i b i t  g r e a t e r  a f f i n i t y  w i t h  
c o l d  t e m p e r a t e  f a u n a  t h a n  w i t h  warm t e m p e r a t e  f a u n a .  Of  t h e  o p i s t h o ^  
b r a n c h s  s t u d i e d ,  a p p r o x i m a t e l y  27% a r e  a m p h i - A t l a n t i c ,  4% a r e  c i r c u m -  
t r o p i c a l  and t h e  r a n a i n i n g  69% a r e  endemic t o  t h e  w e s t e r n  A t l a n t i c .
A l a r g e r  number  o f  s p e c i e s  was found  d u r i n g  t h e  m on ths  o f  S e p te m b e r  
and  t h e  w i n t e r  m o n th s  o f  November,  December and  J a n u a r y .
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SHELL-LESS OPISTHOBRANCHS OF 
VIRGINIA AND MARYLAND
i n t r o d u c t i o n
The o p i s t h o b r a n c h  f a u n a  o f  t h e  Chesapeake Bay r e g i o n  of  t h e  
e a s t e r n  U n i t e d  S t a t e s  i s  p o o r l y  docum ented , even though  e x t e n s i v e  
o p l a t h o b r a n c h  s t u d i e s  have  b e e n  done f u r t h e r  n o r t h  and s o u t h .  T h i s  
s t u d y  p r o v i d e s  i n f o r m a t i o n  on t h e  s p e c i e s  p r e s e n t  and d e s c r i b e s  
s e a s o n a l i t y ,  n a t u r a l  h i s t o r y ,  f eed ing*  spawning,  deve lopment  and 
g r o w th  o f  s h e l l - l e s s  o p i s t h o b r a n c h s  of  Chesapeake Bay and  V i r g i n i a ’ s 
E a s t e r n  S h o r e .  I t  a l s o  p r o v i d e s  keys t o  a i d  f u r t h e r  s t u d i e s  I n  t h e  
a r e a .
The O p i s t h o b r a n c h l a  m a r i n e  m o l lu s c s  a r e  c h a r a c t e r i z e d  by a 
r e d u c e d  s h e l l ,  o r  l a c k  o f  one, i n  t h e  a d u l t  s t a g e .  For  r e s p i r a t i o n  
t h e y  may p o s s e s s  e i t h e r  p o s t e r i o r  g i l l s ,  c e r a t a ,  or  a  s e r i e s  of  
b l o o d  v e s s e l s .  O p i s t h o b r a n c h s  have undergone d e t o r t i o n ,  o r  p a r t i a l  
d e t e n t i o n ,  w h ic h  p r o d u c e s  t h e  p o s t e r i o r  g i l l  p o s i t i o n  (Hyman 1 9 6 7 ) .
As w i t h  m os t  m o l l u s c s ,  th e y  a r e  c h a r a c t e r i z e d  by a m a n t l e ,  c a l c a r e o u s  
s h e l l  { a t  some s t a g e  I n  t h e i r  l i f e  c y c l e ) ,  m uscu la r  f o o t ,  head and 
t e n t a c l e s .  A l l  t h e s e  s t r u c t u r e s  a r e  p r e s e n t  in  v a r y i n g  d e g r e e s .  
O p i s t h o b r a n c h s  a r e  h e r m a p h r o d i t i c  bu t  c r o s s  f e r t i l i z a t i o n  i s  u s u a l l y  
e s s e n t i a l  t o  egg  l a y i n g .  The eggs a r e  enc losed  i n  s o f t  j e l l y  m a s s e s  
o r  s t r i n g s .  The  e g g s  d e v e l o p  i n t o  s h e l l e d  v e l i g e r  s t a g e s ,  h a t c h ,  
a n d  a r e  p l a n k t o t i i c  f o r  v a r y i n g  p e r i o d s  o f  t ime.  A f t e r  s e t t l e m e n t ,  
t h e y  c a s t  o f f  t h e  s h e l l  and u n d e rg o  m e tamorphos is .  Some o p i s t h o b r a n c h s  
d e v e l o p  t o  t h e  s h e l l e d  v e l i g e r  s t a g e ,  c a s t  o f f  t h e i r  s h e l l ,  o r  r e s o r b
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3I t  b e f o r e  h a t c h i n g *  w h i l e  o t h e r s  do n o t  d ev e lo p  a s h e l l  a t  a l l  
(Thompson 1967}* and h a t c h  as  J u v e n i l e s *
The o r d e r s  o f  o p i s c h o b r a n c h s  s t u d i e d  h e r e i n  a r e  A p ly s io m o rp h a ,  
S a c o g l o s g a  and  N u d i b r a n c h l a .  The c l a s s i f i c a t i o n  s y s t e m  f o l l o w s  
t h a t  o f  Odhner (1939)  a n d  Thompson (197G),  T h re e  o f  t h e  f o u r  a u b -  
b o r d e r s  o f  n u d l b r a n c h s  a r e  t r e a t e d  -  T o r i d a c e a ,  D e n d r o n o ta c e a  and 
A e o l i d a c e a ,
E a r l y  N or th  A m e r ic a n  p a p e r s  t h a t  i n c l u d e d  o p i s t h o b r a n c h s  
a r e  t h o s e  o f  Gould (1 841 )*  DeKay ( 1 8 4 3 ) ,  and L. A g a s s i z  ( 1 8 5 0 ) .
T h e s e  p a p e r s  i n c l u d e  f i g u r e s  and d e s c r i p t i o n s  o f  new s p e c i e s  w i t h  
o c c a s i o n a l  o b s e r v a t i o n s  on eggs and  food h a b i t s .  T h es e  s t u d i e s  w e re  
m o s t l y  in  s h a l l o w  i n s h o r e  a r e a s .  C r o s i e r  ( 1 9 1 7 - 1 9 2 2 ) ,  p u b l i s h e d  a 
s e r i e s  o f  p a p e r s  on o b s e r v a t i o n s  o f  a  s i n g l e  s p e c i e s ,  C h rom cdor i s  
z e b r a . J o h n s o n  (1934)*  p u b l i s h e d  a  " L i s t  o f  m a r i n e  M o l lu s c s  f rom 
L a b r a d o r  t o  T e x a s . "  T h i s  I n c lu d e d  t h e  o p i s t h o b r a n c h s  and was an 
e x c e l l e n t  c o m p i l a t i o n  o f  t h e  known a n i m a l s .  In  t h e  1 9 5 0 ' s  Marcus 
and  M arcus  (1955 t o  p r e s e n t )  s t u d i e d  s h a l l o w  w a t e r  o p i s t h o b r a n c h s  i n  
N o r th  A m er ic a  from T e x a s ,  F l o r i d a  t o  N o r th  C a r o l i n a *  and C e n t r a l  and 
S o u th  A m e r i c a  s o u t h  t o  S a n t o s ,  B r a z i l .  T h e i r  work  In c lu d e d  d e s c r i p t i o n s ,  
t axonomy,  b i o g e o g r a p h y ,  h a b i t a t  and o c c a s i o n a l l y  i n f o r m a t i o n  on s u b ­
s t r a t u m  and egg r i b b o n s .  O p i s t h o b r a n c h s  were  i n c l u d e d  in  c h e c k l i s t s  
and keys  o f  m a r i n e  b i o t a  on th e  e a s t  c o a s t  by M iner  (1 9 5 0 ) ,  B oo k h cu t  
( 1 9 5 3 ) ,  S m i th  (1 9 6 4 ) ,  C o ry  (1967)* G o sn e r  (1971) ,  Wass (1 9 7 2 ) ,  P o r t e r  
(1974)  and  Leathern and M a u r e r  (1 9 7 6 ) .  R u s s e l l  (1971) p ro d u c e d  an  i n d e x  
w hich  i s  e x t r e m e l y  u s e f u l  i n  r e v i e w i n g  th e  n u d i b r a n c h  l i t e r a t u r e  up 
t o  1965 .
4The l i t e r a t u r e  o f  t h e  e a s t e r n  N or th  A t l a n t i c  i n d i c a t e s  g r e a t e r  
i n t e r e s t  i n  t h e  d e s c r i p t i o n  o f  o p i s t h o b r a n c h s ,  p o s s i b l y  b e c a u s e  o f  a 
g r e a t e r  d i v e r s i t y  of  o r g a n i s m s  t h e r e .  A ld e r  and Hancock w r o t e  an 
e x c e l l e n t  t a x o n o m ic  work  w i t h  b e a u t i f u l  p l a t e s  on B r i t i s h  n u d i b r a n c h s  
i n  t h e  t e n - y e a r  p e r i o d  f rom  1B45 t o  1855.  T h i s  was su p p le m e n te d  by 
E l i o t t  ( 1 9 1 0 ) .  M i l l e r  ( 1961)  (1962) p u b l i s h e d  works on o p i s t h o b r a n c h s  
o f  t h e  I s l e  o f  Man. P r u v o t - F o l  (1954)  c o m p i led  knowledge o f  F ren ch  
o p i s t h o b r a n c h s .  These  s t u d i e s  a r e  h e l p f u l  b e c a u s e  many a m p h i - A t l a n t i c  
o p i s t h o b r a n c h s  a r e  e n c o u n t e r e d  i n  my s t u d y  a r e a .
Much of t h e  l i t e r a t u r e  on s a c o g l o s s a n s  and n u d l b r a n c h s  h a s  been 
t a x o n o m ic .  Most a u t h o r s  gave  d e s c r i p t i o n s  o f  c o l o r  and a p p e a r a n c e  
o f  l i v i n g  a n i m a l s  a s  w e l l  a s  i n t e r n a l  anatomy o f  t h e  p r e s e r v e d  
s p e c im e n s .  T h e r e  h a s  b e e n  some s t a n d a r d i z a t i o n  o f  t h e  c h a r a c t e r s  
u s e d  f o r  d i a g n o s i s  o f  s p e c i e s  b u t  more i s  n e e d e d .  D e s c r i p t i o n s  b a s e d  
on p r e s e r v e d  s p e c im e n s  a r e  o f t e n  i n a d e q u a t e  due t o  l o s s  o f  c o l o r  and 
c o n t r a c t i o n  o f  a n i m a l s .  I n  e a r l i e r  s t u d i e s ,  l i f e  h i s t o r y ,  d e s c r i p t i o n  
o f  e g g s ,  and  d e v e lo p m e n t  o f  eggs  and l a r v a l  s t a g e s  were  g i v e n  l i t t l e  
e m p h a s i s ,  a l t h o u g h  A ld e r  and  Hancock (1845-1855)  I n c lu d e d  o b s e r v a t i o n s  
o f  egg m a sses  and  l a r v a e  o f  some o f  t h e i r  s p e c i e s .
The l a r v a l  s t a g e s  o f  n u d i b r a n c h s  a r e  p l a n k t o n i c  and p o o r l y  
u n d e r s t o o d .  T h o r s o n  (1946)  s e p a r a t e d  n u d ib r a n c h  l a r v a e  by s h e l l  
t y p e s  (A, B and C) and b e l i e v e d  t h e y  were s h o r t  t e rm  p l a n k t e r s  w i t h -  
f e e d i n g  o r  g r o w th  a c t i v i t i e s .  Thompson (1958)  made a d e t a i l e d  s tu d y  
o f  t h e  l i f e  h i s t o r y  and d e v e lo p m e n t  o f  a s i n g l e  s p e c i e s ,  A d a l a r j a  
p rox im a  (A ld e r  a n d  H ancock) .  He d e s c r i b e d  two s t a g e s  o f  f ree -sw im m ing  
l a r v a l  d e v e l o p m e n t ;  t h e  f i r s t  s t a g e  i n  w h ich  t h e  an im a l  swims upwards
5and can n ot undergo m etam orphosis (o b lig a to r y  s t a t e )  and the secon d ,
I n  w h i c h  t h e  a n i m a l  swims downwards and I s  a b l e  t o  undergo meta ­
m o r p h o s i s  I f  t h e  p r o p e r  s u b s t r a t u m  i s  p r e s e n t  ( s e a r c h i n g  s t a g e ) .
I n  a l a t e r  p a p e r  (Thompson 1959) ,  he  d i s c u s s e d  f e e d i n g  In n u d lb ra n c h  
l a r v a e  and made an  h i s t o l o g i c a l  d e s c r i p t i o n  of  t h a  feed ing mechanism 
and a l i m e n t a t i o n *  Thompson (1961)  r e v ie w e d  t h e  s h e l l  types  g i v e n  by 
T h o r s o n  and s t a t e d  t h a t  T h o r s o n f s ,FType A" was p ro b a b ly  an immature 
s h e l l  and  s h o u l d  b e  e l i m i n a t e d .  He s u g g e s t e d  s h e l l  Type 1 (“Type fl) 
and Type 2 (=Type C ) . Type  1 i n c l u d e d  s p i r a l  s h e l l s  th a t  n o rm a l ly  
form 3 M  t o  1 w h o r l  o n l y ,  and  Type 2 s h e l l s  i n c l u d e  egg-shaped ,  
i n f l a t e d  s h e l l s .  H a d f l e l d  (1963) s t u d i e d  n u d ib r a n c h  l a rv a e  w i th  
p a r t i c u l a r  e m p h a s i s  on f e e d i n g ,  g r o w th  and t h e  p l a n k t o n i c  d u r a t i o n  - 
He f o u n d  t h a t  t h e  l a r v a e  l i v e d  l o n g e r  w i t h  d ia tom  food p r e s e n t  and 
t h a t  t h e y  grew on t h e  f o o d .  He d i s c u s s e d  t h e  advan tages  o f  d i f f e r e n t  
modes o f  l i f e  i n  t h e  l a r v a l  s t a g e s  and a l s o  the  i n t e r a c t i o n s  between 
l a r v a e  and a d u l t  f o o d .  Rao and A lag a r s w am i  (1960) and Rao (1961) 
s t u d i e d  I n d i a n  p o s t - m e t a m o r p h i c  n u d i b r a n c h s  i n  d e t a i l .  Seelmen 
(1967)  r e p o r t e d  on t h e  l a r v a l  and p o s t - l a r v a l  development  i n  th e  
s a c o g l o s s a n  A l d a r j q  m ode f i ta . I n t e r e s t i n g l y ,  t h e s e  l a rv a e  c o u ld  spend 
up t o  A o r  5 w eeks  i n  t h e  p l a n b t o n i c  s t a g e . Hamatani  (1961-1967) 
s t u d i e d  t h e  eggs  a n d  l a r v a e  of  J a p a n e s e  n u d i b r a n c h s ,  and H urs t  (1967) 
p r o v i d e d  a s t a n d a r d  f o r  d e s c r i b i n g  o p l a t h o b r a n c h  egg-mase t y p e s ,  aa  
T h o r s o n  (1 946)  and  Thompson (1961) d id  f o r  s h e l l  type s  and Thompson 
(1967)  d i d  f o r  d e v e l o p m e n t a l  type s*
I n  t h e  C h e s a p e a k e  a r e a  l i t t l e  em phas i s  had been  p laced  on th e  
s t u d y  o f  o p i s t h o b r a n c h s  and  n u d i b r a n c h s , p r o b a h l y  because  of  t h e i r
l a c k  o f  economic im p o r tan ce ,  u n t i l  Cargo  and S c h u l t z  (1967) 
obse rved  t h a t  a s p e c i e s  of e o l l d  n u d lb ran c h  was a v o r a c i o u s  
p r e d a t o r  of  t h e  acyphlstome s t a g e  o f  t h e  t ro u b le s o m e  s t i n g i n g  s e a  
n e t t l e  Chrvsaora  q u ln q u s c l r rh f l  ( D e s o r ) . Th i s  l e d  to  i n v e s t i g a t i o n s  
of t h i s  and o t h e r  o p i s t h o b r a n c h s  i n  t h e  Chesapeake  Bay r e g i o n  (Vogel 
and S c h u l t z  1970,  Vogel 1971 and Marcus 1 9 7 2 a ) . O ther  r e p o r t s  I n c lu d e  
o b s e r v a t i o n s  on Eys ia  c h l o r o t l c a  (P f i t z e n m e y e r  1961) ,  Okenia c u p e l l a  
(Vegel and S ch u l t z  1970) and Hermaea c r u c i a t a  (Vogel  1971) and a 
taxonomic account  of t h e  o p i s t h o h r a n c h s  r e p o r t e d  i n  the  Bay t o  t h a t  
t ime (Marcus 1972a) .  Most of t h e  s t u d i e s  on o p i s t h o b r a n c h s  o f  the 
e a s t e r n  U n i ted  S t a t e s  have been  on t h e i r  taxonomy and zoogeography 
with  o c c a s i o n a l  c o n t r i b u t i o n s  d e s c r i b i n g  the  e ggs  and l a r v a e .  The 
e x c e p t i o n s  a r e  works by Morse (1968,  1969,  and 1971) on t h e  d ev e lo p ­
ment and i n t e r n a l  anatomy of New England s p e c i e s ,  and a s t u d y  by P e r ro n  
and T u rn e r  (1977) on deve lopment in  P o r l d e l l a  o b s c u r a . The s t u d i e s  
of s h e l l - l e s s  o p i s t h o b r a n c h s  on t h e  n o r t h  e a s t  c o a s t  of t h e  U n i t e d  
S t a t e s  m a in ly  covered  New England t o  Delaware  (Gould 1870,  V e r r i l l  
1880-1881,  Moore 1964,  Franz 1968a ,  L ov e lan d ,  e t . a l .  1969,  Meyer 1971, 
Clark  1975 and C a r lo  1 977 ) ,  and Nor th  C a r o l i n a  t o  F l o r i d a  (E r .  ’la reus  
1958, 1961;  Ev. and E r .  Marcus 1960 ,  1962,  1966 ,  1967a,  1967b;
Ev. Marcus 1972a,  1972b,  1972c) .
My s tudy  a r e a  i s  t h e  Chesapeake Bay and t h e  w a te r s  s u r ro u n d in g  
the  E a s t e r n  Shore o f  V i r g i n i a ,  i n  t h e  s a l i n i t y  r ange  from m esoha l ine  
to  e u h a l l n e  a s  d e l i n e a t e d  by t h e  V en ice  System o f  c l a s s i f i c a t i o n  of 
b r a c k i s h  w a te r s  (1958) .  I t  i n c l u d e s  s a n d ,  mud and s h e l l  bo t tom s  and 
dep ths  from a few c e n t i m e t e r s  a t  low t i d e  to  10 m e te r s .  Of t h e  
o p i s t h o b r a n c h s ,  s a c o g l o s s a n s  and n u d ib ra n c h s  a r e  o f t e n  s e a s o n a l  in
7a bundanc e ,  w i t h  some a p p e a r i n g  a l l  y e a r  and  o t h e r s  h a v i n g  s h o r t  peaks  
o f  abundance  and p e r i o d s  o f  a b s e n c e .  The s h a l l o w  w a t e r  o p i s t h o b r a n c h s  
a r e  fo u n d  on a v a r i e t y  o f  s u b s t r a t a .  The p r i m a r y  g o a l s  o f  t h i s  I n ­
v e s t i g a t i o n  w ere ;  1} t o  d e s c r i b e  s a c o g l o a s a n  and n u d lb r a n c h  s p e c i e s  
o f  the  Chesapeake  a r e a ,  2) t o  d e t e r m i n e  s e a s o n a l i t y  o f  o c c u r r e n c e ,  
r e p r o d u c t i o n  and food h a b i t s ,  3) t o  a t t e m p t  l a b o r a t o r y  r e a r i n g  f o r  
d e s c r i p t i o n  o f  l i f e  c y c l e s  and s t a g e s .  A t o t a l  o f  15 s p e c i e s  i n  
12 g e n e r a  were r e p o r t e d  p r e v i o u s l y .  My p a p e r  i n c l u d e s  23 s p e c i e s  from 
IB g e n e r a  o f  a p l y s l a c e a n s , s a c o g l o s s a n s  and n u d l b r a n c h s .  P r e v i o u s  
s t u d i e s  w e re  done o n ly  i n  warm m o n t h s .  The phen o lo g y  o f  o p l a t h o b r a n c h  
a c t i v i t i e s  r e q u i r e s  y e a r - l o n g  o b s e r v a t i o n s .  Some s p e c i e s  a r e  found 
o n ly  i n  c o l d  m on ths .  Com par ison  o f  r e g i o n a l  d i f f e r e n c e s  In  d e v e l o p ­
ment and  egg  m asses  a s  n o t e d  by Rasmussen (1944) were  made.  One 
s p e c i e s ,  D o r l o p s i l l a  p h a r p a . I s  i n t e r e s t i n g  b e c a u s e  i t  i s  t h e  f i r s t  
d o r i d  n u d l b r a n c h  on  t h e  W es te rn  A t l a n t i c  w i t h  m o d i f i e d  d i r e c t  d e v e l o p ­
ment (Type 3 ) .  Keys t o  l i v i n g  and  p r e s e r v e d  a d u l t s  and egg m asses  
w ere  made.  Keys by Moore (1964) i n  t h e  "Woods Hole  Key" and Gosner  
(1971) i n c l u d e  s h e l l - l e s s  o p i s t h o b r a n c h s .  S e v e r a l  s p e c i e s  i n c l u d e d  
h e r e  a r e  n o t  i n  e i t h e r  k ey .  Moore i n c l u d e d  o n l y  Woods Hole s p e c i e s  
and G osner  d id  n o t  e x t e n d  h i s  k e y s  beyond  g e n e r i c  l e v e l .  A l s o ,  t h e  
"Woods H o le  Key" used  o n l y  l i v i n g  a d u l t s  and e x t e r n a l  ana tomy.  1 
u s e d  e x t e r n a l  c h a r a c t e r s  o f  b o t h  l i v i n g  and  p r e s e r v e d  spec im ens  as 
w e l l  a s  some i n t e r n a l  c h a r a c t e r s  o f  t h e  p r e s e r v e d  sp e c im e n s .  The egg 
mass key i s  u n iq u e  f o r  t h e  W es te rn  A t l a n t i c .  I t  i s  hoped t h a t  th e  
i n f o r m a t i o n  h e r e i n  w i l l  be u s e f u l  t o  o t h e r s  i d e n t i f y i n g  and s t u d y i n g  
s h e l l - l e s s  o p i s t h o b r a n c h s  an t h e  m i d - A t l a n t i c  c o a s t .
METHODS AMD MATERIALS
S a m p l i n g . S t a t i o n s  w a re  e s t a b l i s h e d  i n  t h e  i n s h o r e  w a t e r s  o f  
C h e s a p e a k e  Bay and  i t s  t r i b u t a r i e s  and  on t h e  s e a s i d e  o f  V i r g i n i a ’ s 
E a s t e r n  S h o r e  t o  d e t e r m i n e  t h e  d i v e r s i t y  o f  t h e  s a c o g l o s s a n s  and 
n u d l b r a n c h s  i n  t h e  s t u d y  a r e a .  B im o n th ly  and month ly  sa m p l in g  was 
c a r r i e d  o u t  f rom  May 1974 u n t i l  November 1975.  D ata  f rom  sampl ing  
and o b s e r v a t i o n s  t h a t  t  had  p r e v i o u s l y  o b t a i n e d  i n  M ary land  w a t e r s  o f  
C h e s a p e a k e  Bay f rom  196B t o  1970 w e re  u s e d  a l s o .  S t a t i o n s  a t  
G l o u c e s t e r  P o i n t *  V i r g i n i a ,  w e re  m o n i t o r e d  from 1972 to  1974 ( F i g s .
1,  2 4 3 a n d  A p p e n d ix  1 ) .
S e v e r a l  s a m p l i n g  m e thods  w e re  u s e d  i n  t h i s  s t u d y :  an o y s t e r
d r e d g e ,  d e t r i t u s  d r e d g e ,  s h e l l  b a g s  a n d  hand  c o l l e c t i n g .  S h e l l  bags  
w e r e  p l a c e d  i n  c r e e k s  on t h e  E a s t e r n  S h o r e  a t  s e l e c t e d  s i t e s .  Dredge  
s a m p l e s  c o i n c i d e d  w i t h  some s h e l l  bag  s t a t i o n s .  Samples w e re  t a k e n  
o p p o r t u n i s t i c a l l y  on c r u i s e s ,  b e a c h c o m b in g  and wad ing  i n  sh a l lo w  
c r e e k s .  O c c a s i o n a l l y  s p e c im e n s  w e re  c o l l e c t e d  by o t h e r  i n v e s t i g a t o r s .
S h e l l  b a g s  w ere  30 cm s q u a r e ,  made of  V exar  p l a s t i c  n e t t i n g  of  
1 , 3 ,  2 . 0 ,  2 . 5  a n d  5 , 0  cm s q u a r e  m esh .  The l a r g e r  meshes  were most 
e f f e c t i v e  a n d  t h e  s m a l l e r  m e s h e s  w e re  e v e n t u a l l y  d i s c a r d e d .  Ten 
c l e a n  o y s t e r  s h e l l s ,  7 , 5 - 1 2 , 5  cm by 5 . 0 - 7 . 5  cm were  p l a c e d  in  each  
b a g  and t h e  b a g  was  s u s p e n d e d  f rom  a s t r u c t u r e  such  as a  p i e r ,  p i l i n g ,  
c h a n n e l  m a r k e r  o r  o y s t e r  t r a y .  A l l  b a g s  w e r e  s u s p e n d e d  ab o u t  2.5  cm 
a b o v e  t h e  b o t t o m .  B r i c k s  w e re  u s e d  t o  w e i g h t  t h e  bags  t o  p rev en t  
t h e i r  b e i n g  moved by c u r r e n t s .  The  s h e l l  b a g s  were  l e f t  i n  t h e  w a te r
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Figure  1,  C hesapeake  Bay w i t h  c o l l e c t i o n  s t a t i o n s .

F i g u r e  2,  E a s t e r n  S h o re  o f  V i r g i n i a  w i t h  c o l l e c t i o n  s t a t i o n s .
Chincoltogue
S a x i s  Is land
O n o n c o ck  C reek  
F inney  C reek
H arbor ton 






F isherm an s Island
W allops Island
W a c h a p re a g u e
Oumby 
Quinby Bridge
F i g u r e  3 .  Wachapreague a r e a  o f  E a s t e r n  S h o re  w i t h  c o l l e c t i o n  





f o r  2 t and l a t e r  4 ,  weeks.  At f i r s t ,  two bags  were  used  a t  each  
s t a t i o n  b u t  t h i s  was l a t e r  reduced t o  one.
Sampling w i t h  t h e  o y s t e r  d redge  was c a r r i e d  o u t  by to w ing  th e  
dredge  beh ind  an o u tb o a rd  motor boa t  f o r  a p p r o x im a te ly  5 m i n u t e s .
A number o f  h a u l s  were made u n t i l  an a v e ra g e  o f  5 b u c k e t s  o f  d redged  
m a t e r i a l  was c o l l e c t e d  a t  each  s t a t i o n .  Dredged s h e l l s  were some- 
t im e s  examined i n  t h e  f i e l d  for  t h e  p r e s e n c e  o f  l a r g e  o p i s t h o b r a n c h s  
such  as  D o r i o p s i l l a  p h a rp a  o r  Acan thodor i s  p l l o s a . Other  dredged  
s h e l l s  from the  same samples  were brought i n t o  t h e  l a b o r a t o r y .  The,  
d e t r i t u s  dredge was used on ly  in  Maryland w a t e r s  o f  t h e  Chesapeake  
Bay. The dredge was towed behind an o u tb o a rd  moto r  boa t  f o r  5 m in u te s
b e f o r e  b e i n g  h a u l e d .
T rea tm e n t  o f  Sam ples . All  samples were  im m ed ia te ly  p l a c e d  i n  
w a te r  from th e  c o l l e c t i o n  s t a t i o n  and t r a n s p o r t e d  b a c k  to  t h e  l a b o r a t o r y .  
S h e l l s  w ere  examined un d e r  wate r  w i th  the  a i d  of a  d i s s e c t i n g  m i c r o ­
scope .  O p is th o b ra n c h s  and eggs were removed to  f i n g e r  bowls o f  t h e  
same s a l i n i t y  w a t e r .  Most o f  the  an imals  were kep t  i n  s t a n d i n g ,  un­
a e r a t e d  w a t e r .  O th e r  organ isms a s s o c i a t e d  w i th  t h e  an im a ls  were  
c o l l e c t e d  and i d e n t i f i e d .  Temperature ,  s a l i n i t y  and o t h e r  p h y s i c a l  
d a t a  were taken  a t  each s t a t i o n .  The m a t e r i a l  from each  d r e d g e  sample ,  
c o n s i s t i n g  mainly o f  Z o s t e r a , sponges,  s h e l l s ,  mud, sand ,  b r y o z o a n s ,  
h y d r o i d s ,  e t c . ,  was p la c e d  In  shal low w h i t e  p l a s t i c  t r a y s  and covered  
w i th  w a t e r .  Th is  was a l low ed  to  become a n o x i c ,  w h ich  induced  t h e  
o p i s t h o b r a n c h s  t o  c raw l  t o  the  s i d e s  of  t h e  t r a y  a n d / o r  t o  hang by 
t e n s i o n  on the  s u r f a c e  l a y e r  of t h e  w a te r ,  where t h e y  were c o l l e c t e d  
w i th  a spoon o r  p i p e t t e .  At high summer t e m p e r a t u r e s ,  the  l o s s  of  
oxygen was very  r a p i d ,  bu t  a t  low te m p e ra tu r e s  t h i s  could  r e q u i r e  a 
much g r e a t e r  l e n g t h  o f  t im e .
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U sua l ly  some o f  t h e  known food o r g a n i s m s  were p l a c e d  I n  a  bowl 
w i t h  t h e  a n i m a l s .  I f  t h e  food  was n o t  known, a s m a l l  s h e l l ,  b l a d e s  
o f  Z o s t e r a  o r  h y d r o i d s  were  p l a c e d  w i t h  t h e  o rgan ism  s o  t h a t  some 
e p i p h y t i c  and  e p l f a u n a l  forms m igh t  b e  a v a i l a b l e  f o r  food .
O b s e r v a t i o n s  o f  f e e d i n g ,  m a t i n g ,  egg l a y i n g  and g e n e r a l  b e ­
h a v i o r  were made w i t h  t h e  a i d  o f  a  d i s s e c t i n g  m i c r o s c o p e .  The 
b u c c a l  mechanism was o b s e r v e d  w h i l e  a n i m a l s  w e re  c r a w l i n g  on t h e  u n d e r  
s i d e  o f  t h e  w a t e r  s u r f a c e  f i l m .  O b s e r v a t i o n s  o f  t h e  l a r g e r  a n i m a l s  
c ou ld  be made w i t h o u t  m a g n i f i c a t i o n *  Egg m a s s e s ,  r a d u l a e ,  eg g s  and 
l a r v a e  were o b s e r v e d  w i t h  a compound m i c r o s c o p e .  The s u b j e c t s  w e re  
p la c e d  on m ic r o s c o p e  s l i d e s  w i t h  enough w a t e r  to p r e v e n t  d r y i n g ,  and 
cove re d  w i th  a cove r  s l i p  s u p p o r t e d  by b i t s  o f  g l a s s  from b r o k e n  c o v e r  
s l i p s  to  p r e v e n t  c r u s h i n g  o f  t h e  s p e c im e n .
P h o to m ic ro g rap h s  were t a k e n  u s i n g  a compound m i c r o s c o p e  w i t h  
a P o la r o i d  camera a t t a c h m e n t  o r  a  35 mm cam era  a t t a c h e d  t o  a d i s s e c t ­
in g  m i c ro s c o p e .  The f i l m s  w e re  P o l a r o i d  P/N 55 and 105 -  b l a c k  and 
w h i t e  p o s i t i v e - n e g a t i v e ,  and 35 mm Kodnchrome I I  f i l m .
D e s c r i p t i o n  o f  t h e  s t u d y  a r e a . The m a in  s tu d y  a r e a  can  be 
d i v i d e d  I n to  two r e g i o n s :  t h e  e a s t  s i d e  o f  t h e  E a s t e r n  Shore  o r  S e a ­
s i d e  and th e  Chesapeake  Bay. The S e a s i d e  h a s  a  a a l i n i t y  r a n g e  o f  
from 2B°/oo t o  3 3 ° / o o ,  w i t h  a mean o f  3 D . 5 ° / o o .  The s t a t i o n s  w ere  
s e t  up in  c r e e k s  o r  b ay s  o f  t h e  la g o o n  s y s t e m  be tween th e  m a in la n d  
and t h e  b a r r i e r  i s l a n d s  ( F i g .  3 ) .  T h i s  a r e a  i n c l u d e s  l o w - l y i n g  s a l t  
marsh dominated  by S p a r t i n a  a l t e r n j f l o r a  and hav ing  t i d a l  f l u c t u a t i o n  
o f  about  1.3  m e t e r s .  The w a t e r  i s  v e r y  t u r b i d  th r o u g h o u t  t h e  s y s t e m .  
S t a t i o n s  In t h e  c r e e k  c h a n n e l s  a r e  s u b j e c t  t o  v e ry  s t r o n g  c u r r e n t s .  
Extreme low t i d e s  i n  F e b ru a ry  1975 exposed  a l m o s t  a l l  o f  t h e  s h e l l  
b a g s .
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The C h es ap ea k e  Bay a r e a  on t h e  w e s t e r n  s i d e  o f  t h e  E a s t e r n  
Shore  r a n g e d  I n  s a l i n i t y  from 1 0 ° / o o  t o  2 1 ° / o o .  The c o l l e c t i n g  
s i t e s  were  d i v e r s e ,  f rom m arshy  a r e a s  a l o n g  r e l a t i v e l y  u n d e v e lo p e d  
s t r e t c h e s  o f  w a t e r  t o  b u s y  p i e r s  I n  s m a l l  w a t e r f r o n t  tow ns .  Con '  
d l t l o n s  w e re  n o t  s i l t y  on t h i s  s i d e  o f  t h e  E a s t e r n  S h o re  e x c e p t  a t  
S a x i s  w here  n e a r b y  d r e d g i n g  and c o n s t r u c t i o n  a c t i v i t i e s  were  i n  
p r o g r e s s -  The s t a t i o n s  w e re  l o c a t e d  on s a n d y  o r  sandy  mud b o t t o m s ,  
o r  n e a r  e e l g r a s s  b e d s .  T i d e s  In  t h i s  a r e a  f l u c t u a t e  0 . 6  t o  1 . 0  
m e t e r s .  S t a t i o n s  In  M ary land  w e re  In  a r e a s  s i m i l a r  t o  t h o s e  found 
on t h e  V i r g i n i a ' s  h a y s l d e  s t a t i o n s .  They were  l o c a t e d  on bo th  
s i d e s  o f  C h esap ea k e  Bay, S t a t i o n s  m o n i t o r e d  a t  G l o u c e s t e r  P o i n t ,  
V i r g i n i a ,  w e re  l o c a t e d  on p i e r s  i n  t h e  York  R i v e r  i n  f r o n t  o f  t h e  
V i r g i n i a  I n s t i t u t e  o f  M a r in e  S c i e n c e  l a b o r a t o r y .
RESULTS
INTRODUCTION
The o p i s t h o b r a n c h s  c o l l e c t e d  I n  t h i s  s t u d y  a r e  d i v i d e d  I n t o  
t h r e e  o r d e r s  — A p ly s io m o rp h a ,  S a c o g l o s s a  and N u d ib ra n c h ia  (Tab le  1)* 
The a p ly s i o m o rp h a  p o s s e s s  4 t e n t a c l e s  and a m an t le  c a v i t y  which c o n ­
t a i n s  a g i l l  plume and  g e n e r a l l y  a f l a t ,  v e s t i g i a l  s h e l l .  They can  
be up t o  30 or  more c e n t i m e t e r s  l o n g  and weigh s e v e r a l  k i l o g r a m s .
The s a c o g l o s s a n s  a r e  a v a r i e d  g roup  o f  I n d i v i d u a l s  r a n g i n g  from 
those  t h a t  have  a w e l l  d e v e l o p e d  s h e l l  In  t h e  a d u l t  s t a g e  t o  t h o s e  
t h a t  a r e  e s s e n t i a l l y  " a e o l i d i f o r m ” . They may have p a r a p o d i a ,  c e r a t a  
or  no body p r o j e c t i o n s  a t  a l l .  They a r e  u s u a l l y  s e v e r a l  m i l l i m e t e r s  
long.  N u d lb ra n c h s  do n o t  have  a s h e l l  i n  t h e  a d u l t  s t a g e .  There a r e  
two b a s i c  body t y p e s  —  t h o s e  t h a t  have  a s o l i d  d i g e s t i v e  gland  
" h o l o h e p a t i c " , w i t h  g i l l s  on t h e  dorsum ( d o r l d s )  and t h o s e  t h a t  h a v e  
a r a m i f i e d  d i g e s t i v e  g l a n d  " c l a d o h e p a t i c " ,  w i t h  c e r a t a  on th e  dorsum 
to  p e r f o r m  t h e  r e s p i r a t o r y  f u n c t i o n s  ( e o l i d s ) . The d o r l d s  tend t o  
be o v a l  o r  round I n  s h a p e  and t h e  e o l i d s ,  c y l i n d r i c a l  and  s l e n d e r .
A p l y s i i d a  and  s a c o g l o s s a n s  a r e  h e r b i v o r o u s ,  w h i l e  n u d l b r a n c h s  
a r e  c a r n i v o r o u s .  G e n e r a l l y ,  d o r i d  n u d lb ra n c h s  f eed  on s p o n g e s ,  
b r y o z o a n s ,  c i r r i p e d s ,  a s c l d l s n a  and p o l y c h a e t e s .  The e o l i d s  feed  on 
c n i d a r i a n s .  Most s p e c i e s  t e n d  t o  be s p e c i f i c  in t h e i r  d i e t ,  o c c a s i o n ­
a l l y  f e e d i n g  on o n l y  one  s p e c i e s  o f  p r e y .
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Table  1.  C h a r a c t e r s  o f  t h r e e  o r d e r s  o f  o p i s t h o b r a n c h s
Order  o r  Suborder  C h a r a c t e r s
Aplysiomorpha
S acog lossa
Suborder E l y s i a c e a
r e s p i r a t i o n  by g i l l  p lum e; m a n t l e  
c a v i t y  p r e s e n t ,  s h e l l  v e s t i g i a l  
o r  a b s e n t ,  h e r b i v o r o u s ,  r h l n o p h o r e e  
and one  p a i r  o f  t e n t a c l e s
r e s p i r a t i o n  by g i l l  p lum e ,  c e r a t a ,  
p a r a p o d i a  o r  body s u r f a c e ;  s h e l l  
w e l l  d e v e lo p e d  t o  a b s e n t ,  
h e r b i v o r o u s ,  r h i n o p h o r e s  p r e s e n t  or  
a b s e n t
N udibranch ia  ( g e n e r a l )
Suborder  Dendronotacea
s h e l l  a b s e n t  in  a d u l t ,  c a r n i v o r o u s ,  
r h i n o p h o r e s  p r e s e n t
r h i n o p h o r e a  r e t r a c t i l e  i n t o  
B h e a th s ,  c e r a t a  more o r  l e s s  
a r b o r e s c e n t ,  e o l i d i f o r m ,  anus  
r a i d - ] a t e r a l
Suborder  D or idacea  g i l l s  and r h i n o p h o r e s  r e t r a c t i l e
o r  c o n t r a c t i l e ,  anus  d o r s a l ,  
m a n t l e  p r e s e n t ,  d o r i d i f o r m ,  no 
j a w s ,  r a d u l a  b ro ad  f l a t  r i b b o n ,  
h o l o h e p a t i c
Suborder A eo l id a c e a  r h i n o p h o r e s  c o n t r a c t i l e ,  c e r a t a
p r e s e n t ,  o r a l  t e n t a c l e s  long  and 
s l e n d e r ,  a n u s  l a t e r a l ,  jaws 
p r e s e n t ,  r a d u l a r  r i b b o n  n a r ro w ,  
c l a d o h e p a t i c
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Most o p i s t h o b r a n c h s  i n  my s t u d y  a r e a  a r e  b e n t h i c  a s  a d u l t s .  
E x c e p t io n s  a r e  A p lv a i a  w l l l c o x l  and E l y s i a  c h l o r o t i c a » which swim by 
u n d u l a t i n g  t h e i r  m a n t l e  f l a p s  o r  p a r a p o d i a ,  and  G la u c u s  a t 1a n t  l e u s . 
which  i s  n e u s t o n l c .  Most  o f  t h e  s pec im ens  i n  t h i s  s t u d y  c r a w le d  
on t h e  under  s i d e  o f  t h e  s u r f a c e  f i l m  when t h e y  were  i n  s t a n d i n g  
w a t e r .  Th i s  f a c i l i t a t e s  c o l l e c t i o n  and  a i d s  i n  t h e  s t u d y  o f  t h e  v e n t ­
r a l  a i d e .  The a n i m a l s  were o b s e r v e d  f e e d i n g ,  m a t in g  and  l a y i n g  eggs  
i n  t h i s  p o s i t i o n ,  and t h e  w a t e r  s u r f a c e  seemed t o  b e  u s e d  a s  would 
any o t h e r  f l a t  s u r f a c e .
A l l  o p i s t h o b r a n c h s  a r e  h e r m a p h r o d i t e s .  Of t h e  a n i m a l s  o b s e r v e d ,  
s e v e r a l  had " s t e r e o t y p e d "  c o u r t s h i p  b e h a v i o r  t h a t  was f o l l o w e d  b e f o r e  
each  c o p u l a t i o n .  T h i s  cou ld  l a s t  f rom a few s e c o n d s  t o  many m i n u t e s .  
U s u a l l y  t h e r e  was a s i m u l t a n e o u s  t r a n s f e r  o f  spe rm  and  b o th  a n i m a l s  
l a i d  eggs  a f t e r  c o p u l a t i o n .  The o p i s t h o b r a n c h  w i l l  a n c h o r  one end o f  
t h e  egg mass and  c r a w l  away f r o m  i t ,  d e p o s i t i n g  t h e  e ggs  i n  a s p e c i f i c  
p a t t e r n .  Sometimes t h e  f o o t  i s  u sed  t o  shape  t h e  m a s s .  T h e re  a r e  f o u r  
t y p e s  o f  egg masses (T a b le  2 ) .  I t  i s  p o s s i b l e  t o  i d e n t i f y  t h e  a d u l t  
s p e c i e s  by t h e  c h a r a c t e r s  o f  t h e  egg mass .  The  eg g s  d e v e lo p  r e l a t i v e l y  
r a p i d l y  in  t h e  Chesapeake  Bay a r e a ,  w i t h  o n ly  one o r  two s p e c i e s  
t a k i n g  l o n g e r  t h a n  10 days  t o  h a t c h .  There  a r e  t h r e e  t y p e s  o f  d e v e l o p ­
ment o b s e rv e d  h e r e  a s  d e s c r i b e d  by Thompson (1967) ( T a b l e s  3 ,  k  and 
5 ) .
The t r a n s i t i o n  o f  o p i s t h o b r a n c h s  from t h e  s h e l l e d  t o  t h e  u n ­
s h e l l e d  s t a t e  haa r e s u l t e d  i n  a  change  from p a s s i v e  d e f e n s e  t o  a c t i v e  
c h e m ic a l  d e f e n s e ,  ' w a r n i n g r c o l o r s  and  e v a s i v e  b e h a v i o r .  Most  o f  
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f i s h .  E o l id  n u d l b r a n c h s  u t i l i z e  t h e  n e m a t o c y s t s o f  t h e i r  c n i d a r i a n  
p r e y  f o r  d e f e n s e  by t r a n s f e r r i n g  t h e  u n d i s c h a r g e d  s t r u c t u r e s  t o  t h e  
t i p s  o f  t h e i r  c e r a t a  and e j e c t i n g  them when d i s t u r b e d .  C o l o r a t i o n  
can  be e x o t i c  and f l a m b o y a n t , t h e r e b y  w a r n in g  p o t e n t i a l  p r e d a t o r s  
o f  t h e i r  p r e s e n c e ,  o r  d u l l  and  c r y p t i c ,  h i d i n g  t h e  m o l lu s c s  from t h e i r  
e n e m ie s .  T h e r e  a r e  a v a r i e t y  o f  t a c t i c s  u s e d  f o r  p r o t e c t i o n ,  i n c l u d ­
in g  swimming, d e t a c h i n g  f rom  t h e  s u b s t r a t u m  and t h e r e b y  b e i n g  swept 
away In w a t e r  c u r r e n t s ,  j e t t i n g  p u r p l e  i n k  i n t o  t h e  w a te r  f o r  
cam ouf lage  and  b u r ro w in g  i n t o  t h e  p r e y  s p e c i e s .  Autototny o f  c e r a t a  
and m a n t le  edge a r e  a l s o  u s e d  a s  d e f e n s e  m e a s u r e s .  Some e o l i d s  a r e  
a g g r e s s i v e  and w i l l  f i g h t ,  a t t a c k  and  even  become c a n n i b a l i s t i c  I n  
c l o s e  q u a r t e r s .
C o l l e c t i o n  d a t a  f o r  t h e  o p i s t h o b r a n c h s  s t u d i e d  a r e  i n  T a b l e  6 . 
T h i s  does  n o t  i n c l u d e  a l l  t h e  p l a c e s  eac h  a n i m a l  was found b u t  g i v e s  
r e p r e s e n t a t i v e  s t a t i o n s  w i t h  d a t a  on t e m p e r a t u r e ,  s a l i n i t y ,  l o c a t i o n ,  
c o l l e c t i o n  method and s u b s t r a t e .  D icho tom ous  keys  t o  a i d  i n  
i d e n t i f i c a t i o n  o f  a d u l t s  and egg m a ss e s  a r e  a l s o  i n c l u d e d  on s u b ­
s e q u e n t  p a g e s .  F i g u r e  4 b r e a k s  down t h e  s h e l l - l e s s  o p i s t h o b r a n c h s  
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A t o t a l  o f  23 s p e c i e s  of  o p i s t h o b r a n c h s ,  I n c l u d i n g  2 a p l y e l o -  
m o rp h a n s , 8  s a c o g l o s s a n s  and 13 n u d l b r a n c h s  w ere  found d u r i n g  s t u d y  
In t h e  w a t e r s  o f  Chesapeake Bay and V i r g i n i a ’s E a s t e r n  S h o re :
Phylum M o l lu a c a  
C l a s s  G a s t ro p o d a
S u b c l a s s  O p l s t h o b r a n c h l a  
O rd e r  A plys iomorpha  
Family  A p l y s i i d a e
A p l y s l a  w l l l c o x l  H e l l p r i n  1886 
F h y l l a p l y s i a  e n g e l i  Marcus  1955 
O rd e r  S a c o g lo s s a  
Fami ly  E l y s i l d a e
E l y s l a  c h l o r c t i c a  Gould  1970
E l y s i a  c a t u l u s  (Gould 1870)
Fami ly  Henna e i d  a e
Hermaea c r u c l a t a  Gould  1B70
P l a c l d a  d e n d r i t i c a  (A ld e r  and Hancock 1855)
E r c o l a n i a  v a n e l l u s  (Marcus 1957)
E r c o l a n i a  sp-
S t l l l g & r  f u s c a t u s  (Gould  1870}
A l d e r l a  modesta (Loven 184A)
O r d e r  N u d lb r a n c h i a  
Family D o r i d i d a e
D or la  v e r r u c o s a  ( L i n n a e u s  1858)
30
Fami ly  P o l y c e r a t i d a e  
F o l y c e r e l l a  e m e r to n i  
Fami ly  O n c h i d o r i d i d a e  
A c a n t h o d o r i s  p i l o s a  
Fami ly  G o n i o d o r i d i d a e  
Okenia  c u p e l l a  
Fatn i ly Corambldae 
D o r l d e l l a  o b a c u r a  
Family  D e n d r o d o r i d i d a e  
P o r i o p H i l l a  phaTpa 
Family  D o to id a e  
Goto c o r o n a t a  
F am i ly  C u th o n i d a e  
T e n e l l i a  a d s p e r s a  
T e n e l l i a  f u a c a t a  
T e n e l l i a  s p .
F am i ly  F a v o r i n i d a e  
C r a t e n a  p i l a t a  
C r a t e n a  K aoruae  
Fami ly  G l a u c l d a e
G laucus  a t l a n t i c u s
V e r r i l l  1&81
( A b i l g a a r d  1789) 
(Vogel and  S c h u l t z  1970) 







F o r s t e r  1777
KEY TO ADULTS LIVING AND PRESERVED
1, Dorsum l a c k i n g  f i n g e r - l i k e  p r o j e c t i o n s
o r  g i l l s .  R h inophore s  non  r e t r a c t i l e  ..............................................2
Dor Bum n o t  a s  above   . .................... 5
2.  P a i r e d  r h i n o p h o r e s  and o r a l  t e n t a c l e s  p r e s e n t .
A nim al w i t h  g r o o v e  p r e s e n t  on r i g h t  s i d e  
from be low  r h i n o p h o r e  t o  b r a n c h i a l  p i t  
i n  m i d - d o r s a l  r e g i o n .  B r a n c h i a l  p i t
w i t h  one plume . ..................3
P a i r e d  r h i n o p h o r e s  and  p a r a p o d i a  p r e s e n t .  
Groove  on r i g h t  s i d e  and b r a n c h i a l  p i t  
a b s e n t .............................................................................
Body f l a t t e n e d  d o r s o - v e n t r a l l y , F l a t ,
i n t e r n a l  s h e l l  p r e s e n t  o r  a b s e n t .  C o lo r  
g r e e n  w i t h  w h i t e  a n d / o r  p u r p l e  s p o t s .
, ,  , ,   .......... ........................................ ..................... P h y l l a p l y s i a  e n g e l l
( F i g u r e  7,  P l a t e  3,  Page 39)
Body r a i s e d  i n  p o s t e r i o r  t w o - t h i r d s ,  
o u t l i n e  l i k e  a s i t t i n g  r a b b i t .  S h e l l  
i n t e r n a l ,  f l a t ,  h o rn y  and  t h i n ,  may 
be s l i g h t l y  c a l c i f i e d .  Body d a r k  brown 
o r  g r e e n  w i t h  b l a c k  and ye lLow m a r k i n g s ,
g i l l  p u r p l e  ................................................................... A p l y a l a  w i l l c o x i
( F i g u r e  7,  P l a t e  3,  Page 3 9 )
P a r a p o d i a  n o t  m e e t i n g  d o r s a l l y .  Rounded 
head  w i t h  s h o r t  r h i n o p h o r e s  r e s e m b l i n g  
c a t  e a r s .  C a r d i a c  p rom in en ce  v e r y  o b v i o u s .
T h re e  w h i t e  b a n d s  on h e a d ;  one d o r s a l  and
two l a t e r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E l y s i a  c a t u l u s
( F i g u r e  8 , P l a t e  6 , Page 43)
P a r a p o d i a  o v e r l a p p i n g  d o r s a l l y ;  when 
s p r e a d ,  t h e  a n im a l  r e s e m b l e s  a h e a r t  
s haped  l e a f .  R h in o p h o re s  l o n g  and 
s l e n d e r  i n  l i f e .  Green w i t h  r e d ,  w h i t e ,
b l u e  and  l i g h t  g r e e n  s p o t s  .........................   E l y s i a  c h l o r o t i c a
( F i g u r e  B, P l a t e  4 ,  Page 41)
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5 .  D o r s a l  p r o j e c t i o n s  l a c k i n g )  e x c e p t
r h i n o p h o r e s *  Body round  o r  oval*
R h in o p h o re s  r e t r a c t i l e *  M an t l e  
c o m p l e t e l y  c o v e r s  f o o t .  G i l l  l e a f ­
l i k e ,  l o c a t e d  p o s t e r i o r l y  be tween
m a n t l e  edge  and f o o t  * . . * ..........................  ■ ■ ■ D o r i d e l l a  o b s c u r a
( F ig u r e  1 3 ,  P l a t e  1 2 , Page 62)
Body w i t h  d o r s a l  p r o j e c t i o n s  In  a d d i t i o n
t o  r h i n o p h o r e s  ........................6
6 * M an t le  p r e s e n t  and e x t e n d i n g  o v e r  a l l ,  o r  
m o s t ,  o f  b o d y .  G i l l s  and r h i n o p h o r e s  
r e t r a c t i l e .  G i l l s  m e d i o - d o r s a l ,
s u r r o u n d i n g  anus   .......... * ...........     * ..............  7
M a n t l e  ab sen t  o r  g r e a t l y  r e d u c e d .  G i l l s  
p r e s e n t  o r  a b s e n t .  P r o j e c t i o n s  o t h e r
t h a n  g i l l a  p r e s e n t  ...............................  9
7. Body f l a t  o r  s l i g h t l y  r a i s e d .  Dorsum
smooth  o r  w i t h  f i n e  p a p i l l a e .  G i l l s  
4 o r  5,  b i p i n n a t e ,  l o c a t e d  f a r  p o s t e r i o r l y ,
R h in o p h o re s  p e r f o l i a t e .  Jaws and r a d u l a  
a b s e n t .  C o lo r  o r a n g e  o r  y e l l o w - o r a n g e  
w i t h  brown d o t s  on dorsum, S p i c u l e s
p r e s e n t  , . ............................................   D o r i o p s i l l a  p h a rp a
( F i g u r e  13 ,  P l a t e s  14,  21,  22, 23 and 24,  Page 65)
Body o v a l  w i t h  c o a r s e  p a p i l l a e  on dorsum 8
8 . M ant le  w i t h  p o i n t e d ,  c o n i c a l - s h a p e d
p a p i l l a e ,  R h in o p h o r e s  p e r ­
f o l i a t e  on d i s t a l  h a l f  and a n g le d  p o s ­
t e r i o r l y .  M an t l e  d o e s  n o t  cover  f o o t  
i n  p o s t e r i o r  r e g i o n .  C o lo r  v a r i a b l e .
 ...............................................................   A c a n th o d o r i s  p i l o s a
( F i g u r e  11,  P l a t e  10  and 12 ,  Page 5 8 )
M ant le  covered  w i t h  mushroom-shaped
p a p i l l a e .  R h in o p h o re s  p e r f o l i a t e .  Row 
o f  p r o j e c t i o n s  a round  p i t s  f o r  r h i n o p h o r e s  
and  g i l l s .  M a n t l e  c o m p l e t e l y  c o v e r s  
f o o t .  Two l o n g i t u d i n a l  d a r k  s t r i p e s  on 
dorsum o b v io u s  even  when p r e s e r v e d .
 ........................    D o r i s  v e r r u c o s a
( F i g u r e  1 1 , P l a t e  10 and 2 5 ,  Page 54)
9 .  D o rsa l  c o n t r a c t i l e  g i l l s  p r e s e n t  i n
a d d i t i o n  t o  o t h e r  p r o j e c t i o n s . 1 0
G i l l s  l a c k i n g ,  b u t  d o r s a l  c e r a t a  p r e s e n t 11
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10. R h in o p h o re s  sm ooth .  S h o r t  c o n i c a l
p r o j e c t i o n s  on b a c k .  Body c y l i n d r i c a l .
F our  g i l l a  p o s t e r i o r  t o  p e r i c a r d i a l  
p r o m i n e n c e .  Foot  v e r y  n a r r o w .
 .................  F o X y c e r e l l a  e m e r t o n i
( F i g u r e  11 ,  P l a t e  1 1 ,  P a g e  56)
R h in o p h o re s  e a c h  w i t h  3 t o  5 c u p - s a h p e d  
l e a v e s .  S i n g l e  m i d - d o r s a l  p a p i l l a  
j u s t  a n t e r i o r  to t h e  4 g i l l a .  Row o f  
p a p i l l a e  p r e s e n t  on e a c h  a i d e  a l o n g  a 
p a l l l a l  r i d g e .  S p i c u l e s  o b v i o u s  on  
body,  s u p p o r t i n g  p a p i l l a e  a n d  b e i n g  
p r e s e n t  o n  body and f o o t .
 ............... ....................................................................... .. . . . . . . . .  O k e n l a  c u p e l l a
( F i g u r e  12 ,  P l a t e  13 a n d  2 5 ,  P a g e  61)
11 .  R h in o p h o re s  r e d u c e d  t o  p o i n t e d  f o l d s  o f
s k i n .  F o o t  w id e r  t h a n  b o d y .  Ana l  
p a p i l l a  m e d ia n  d o r s a l  i n  a  p o s t e r i o r  
p o s i t i o n .  C e r a t a  become l a r g e r  p o s t e r ­
i o r l y .  C o l o r  o l i v e  g r e e n  t o  y e l l o w -  
brown,  Eye  s p o t s  n o t i c e a b l e ,  h e a r t
a b s e n t   ....................................................   Aid e r i a  m o d e s t  a
{ F i g u r e  10 ,  P l a t e  9 ,  P a g e  52)
Rh inophores  p r o m i n e n t  and  w e l l  d e v e l o p e d .
Body a e o l i d i f o r r a  .......................................................    12
12 .  O ra l  t e n t a c l e s  l a c k i n g ,  r h i n o p h o r e s
r o l l e d .  A n a l  p a p i l l a  m e d i a - d o r s a l ,
j u s t  a n t e r i o r  t o  p e r i c a r d i a l  p ro m i n e n c e   ................... .13
R h inophores  n o t  r o l l e d ;  c o n t r a c t i l e  o r
r e t r a c t i l e   ................................................................     14
13.  C e r a t a  u n b r a n c h e d .  B ra n c h e d  d i g e s t i v e
g l a n d  v e r y  n o t i c e a b l e  o v e r  e n t i r e  body 
s u r f a c e .  More t h a n  one  row o f  c e r a t a  
on e a c h  s i d e  of  a n i m a l .  C o l o r  o l i v e  
g re e n  to  v e r y  p a l e  brown.
 ..............       P l a c i d a  d e n d r i t i c a
( F i g u r e  9 ,  P l a t e s  5, 7 a n d  19,  Page  46)
C e r a t a  b r a n c h e d  t o  form c r o w n - s h a p e d
p o i n t s  a t  t h e  t i p s .  One row  o f  c e r a t a  
on e a c h  s i d e  o f  a n i m a l .  C o l o r  t r a n s p a r e n t ,  
w i t h  r e d - b r o w n  d i g e s t i v e  g l a n d  d i v e r ­
t i c u l a  and s h i n y  w h i t e  s p o t s  on b a c k  and  
c e r a t a .  V ery  r a r e .
  ..............................................   , . .   .................. ................ H e r n a e a  c r u c i a t a
( F i g u r e  9 ,  P l a t e  7 ,  P a g e  44)
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14. R h in o p h o re s  r e t r a c t i l e  i n t o  t r u m p e t -
s h a p e d  s h e a t h s .  C e r a t a  v e r y  b u l b o u s ,  
w i t h  rows o f  d a r k  p a p i l l a e  {lumps) t h a t  
a r e  r e d  i n  l i v i n g  a n i m a l s  and b l a c k  i n
p r e s e r v e d  o n es  . . . ,    . . Dpto c o r o n a t a
( F i g u r e  12,  P l a t e  1 4 p Page 7 4 )
R h in o p h o re s  c o n t r a c t i l e  b u t  n o t  r e t r a c t i l e   ............ , . , . , 1 5
15.  R h in o p h o re s  p r e s e n t *  b u t  l a c k i n g  o r a l
t e n t a c l e s .  Eye s p o t s  v e r y  n o t i c e a b l e  
due  t o  t r a n s p a r e n t  a r e a  s u r r o u n d i n g  them.
Jaws a b s e n t  ...................         16
May h a v e  o r a l  t e n t a c l e s  o r  o r a l  l o b e s  
p r e s e n t .  Eye s p o t s  g e n e r a l l y  n o t  
s u r r o u n d e d  by  d e f i n i t e  l i g h t  p a t c h .
Jaws  p r e s e n t   ..............   18
16.  An im als  w i th  b l a c k  o r  d a r k  r e d - b r o w n
c o l o r a t i o n .  D i g e s t i v e  g l a n d  i n  c e r a t a  
brown o r  b l a c k .  C o l o r  may v a r y  f rom
s t i p p l i n g  t o  s o l i d  ................................................     17
A nim a ls  w i t h  o r a n g e  s p o t s  on dorsum.
D l s g e s t i v e  g l a n d  I n  c e r a t a  b r i g h t  o r a n g e ,
w h i t e  s p o t s  on  r h i n o p h o r e s   ................   E r c o l a n i a  s p .
{ F i g u r e  ID, P l a t e  4 , Page 50)
17.  C e r a t a  b l a c k  w i t h  w h i t e  t i p s .  Body c o l o r
v a r i a b l e  from r e d - b r o w n  t o  b l a c k .
R h inophore s  d a r k  w i t h  w h i t e  l i n e  on 
p o s t e r i o r  s i d e .  Ana l  o p e n i n g  r i g h t  of  
t h e  d o r s o - m e d ia n  l i n e ,  w i t h  no p a p i l l a .
S t l l i g e r  f u s c a t u s  
( F i g u r e  10,  P l a t e  5 ,  Page 5 1 )
C e r a t a  s t i p p l e d  w i t h  b l a c k .  C o lo r  v a r i a b l e  
from c o l o r l e s s  t o  b l a c k .  No w h i t e  l i n e  
on r h i n o p h o r e s .  Ana l  o p en ing  on a  d o r s o -
median  p a p i l l a   ....................................................  E r c o l a n i a  v a n e l l u s
( F i g u r e  10 ,  P l a t e  6 , Page 49)
18.  Body s l e n d e r  w i t h  o n e  p a i r  of  o r a l
t e n t a c l e s .  C e r a t a  a r r a n g e d  i n  h o t 3 e -  
s h o e^ s h ap e d  g r o u p s  on e a c h  s i d e .  Anal  
o p en ing  on p a p i l l a  i n s i d e  seco n d  h o r s e ­
s hoe  on r i g h t  s i d e . . . . .  genus  C r a t e n a  ...................   , . 1 9
O r a l  t e n t a c l e s  r e d u c e d  o r  a b s e n t .  C e r a t a  
a r r a n g e d  i n  c l u s t e r s  o r  rows on bo ck .
Anal  open ing  a n t e r i o r  t o  p o s t e r i o r  h e p a t i c
l o b s  ( a c l e l o p r o c t i c  p o s i t i o n ) . . . .  g enus  T e n e l l i a  . . . . . . .  20
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19.  Animal a e o l i d i f o r m ,  Back c o n t a i n s  t h r e e
r u s s e t  s t r i p e s .  Rh inophore s  s e t  v i d e .
Ora l  t e n t a c l e s  a t t a c h e d  to  r o u n d ,  s h o r t  
head .  P r e s e r v e d  spec im en ,  ru d o L a  has  
21 rows of  1 t o o t h  each w i t h  4 -7  
d e n t i c l e s  on each  s i d e  o f  c e n t r a l  cusp  
B i f u r c a t e  d e n t i c l e s  a b s e n t .  Jaw s  y e l l o w .
 .......................... ..  C r a t e n a  kao ruae
( F i g u r e s  fi and 1 5 ,  P l a t e  18,  Page 8 8 )
Body s l e n d e r ,  b a c k  w i t h  ca rm in e  s t r i p e s ,  
s t r i k i n g  w h i t e  d o t s  o u t l i n e  t h e  c a rm in e .
S t r i p e s  and o u t l i n e s  c o n t i n u e  t h e  l e n g t h  
of the  body,  R hinophores  s e t  c l o s e  t o ­
g e t h e r .  O ra l  t e n t a c l e s  a t t a c h  t o  a narrow 
head.  P r e s e r v e d  spec imen: r a d u l a  c o n t a i n s
19-21 rows o f  1 t o o t h  e a c h ,  w i t h  4 -8  d e n t i c l e s  
around a c e n t r a l  cusp .  B i f u r c a t e  d e n t i c l e s  p r e v a l e n t .
Jaws y e l l o w i s h  t o  w h i t e .
 ......... .. C r a t e n a  p i l a t a
( F i g u r e  15,  P l a t e  1 9 ,  Page 04)
20. No o r a l  t e n t a c l e s .  A n t e r i o r  p a r t  o f  head
rounded ...........................................      21
O ra l  l o b e s  p o i n t e d  , forms a s m a l l  o r a l  
v e i l .  Body s l e n d e r .  Foo t  a l m o s t  as  
broad as  body.  C e r a t a  a r r a n g e d  i n  
c l u s t e r s  of  2-7 i n  each g r o u p  and  5 o r  
6 g roups  on e a c h  s i d e .  Jaws p r e s e n t .
No p e n i a l  s t y l e t  T e n e l l i a  f u s c a t a
( F i g u r e  14 ,  P l a t e  1 6 ,  Page 7 9 )
2 1 . Body rounded,  a l m o s t  o v a l .  F o o t  much
nar row er  than  body.  Body s t i p p l e d  in  
b la ck  e x c e p t  a round  eyes  and r h i n o ­
pho res .  Anal  open ing  J u s t  t o  r i g h t  
□f t h e  d o r s o -m ed ia n  l i n e .  R a d u l a  has  
47 rows of  1 t o o t h  each .  C e n t r a l  t o o t h
in  P l a t e  .........................................  T e n e l l i a  s p .
(F ig u r e  14 ,  P l a t e s  1 6 ,  17 and 2 6 ,  Pago 81)
Body s l e n d e r ,  f o o t  as  broad  a s  b o d y .
S l i g h t  b l a c k  o r  brown d o t t e d  p ig m en t  
on head and body.  C e ra ta  i n  6  c l u s t e r s  
of  1-3 on each  s i d e  of  dorsum.  P e n i s  
armed w i t h  s t y l e t .  Jaws p r e s e n t .
Radula r  t e e t h  a s  seen i n  P l a t e
 ...........   1     T e n e l l i a  a d s p e r s a
( F i g u r e  14,  P l a t e  16 ,  Page 76)
KEY TO EGG HASSES
1 . Egg mass a narrow o r  broad  r ib b o n  a t t a c h e d
t o  s u b s t r a tu m  a l o n g  l e n g t h  of one edge , ....................................... 2
Egg mass no t  as  above  , . , ,  ......... .. ,  ............................................................4
2. Broad r i b b o n ,  f r e e  edge s i m i l a r  t o  o r  l o n g e r
than  a t t a c h e d  edge   ...................................   3
Narrow r ib b o n ,  f r e e  edge e q u a l  to  a t t a c h e d  
edge;  w h i te  or  cream. S p i r a l  on f l a t
s u r f a c e s  o r  c o i l e d  on u p r i g h t  s t a l k s
of h y d ro id s  o r  b r y o 2 o a n s .  Many e g g s ,  
c a p s u l e s  may be d i s t o r t e d  In s h a p e .
P r e s e n t ,  l a t e  A p r i l - e a r l y  June . . . . . . . . . . . . . .  Doto  c o r o n a t a
( P l a t e  15 ,  Page 7 4 )
3. F ree  edge o f  mass l o n g e r  t h a n  a t t a c h e d
edge ,  g iv in g  a p p e a r a n c e  o f  r u f f l e s .
C o lo r  b u f f  to  w h i t e .  Egg c a p s u l e s
f r e q u e n t l y  t o u c h ;  one egg in  each
c a p s u l e .  P r e s e n t  June t o  September  . . . . . . .  D o r i s  v e r r u c o s a
( P l a t e  1 0 , Page 54)
F ree  edge of mass s i m i l a r  i n  l e n g th  t o ,  
o r  l o n g e r  th a n ,  a t t a c h e d  edge.  C o l o r -  
g rey  i s h - w h i t e .  Egg c a p s u l e s  r a r e l y
t o u c h .  P r e s e n t ,  March t o  A p r i l  . . . . . . .  A c a n t h o d o r i s  p i l o s a
T P T a t e l 2™TTage 65)
4. Egg mass an oval  s a c ,  a t t a c h e d  to  t h e
s u b s t r a tu m  a t  one  edge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Egg mas 3 no t  a s  above   ................     6
5. Hass k id n e y - s h a p e d ,  w i th  c r e a s e s  i n  t h e
concave  s i d e .  A t t a c h e d  t o  the s u b s t r a t u m
by a mucus s t r a n d   .............. . T e n e l l i a  s p .
( P l a t e  1 7 , Page 01)
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Mass smooth ,  g l o b u l a r  o r  o v a l .  Eggs 
r e l a t i v e l y  l a r g e ,  w h i t e  and one p e r  
c a p s u l e ,  f a s t e n e d  t o  s u b s t r a t u m  by
mucus s t r a n d  . . . . . . ............., .  T e n e l l i a  a d s p e r s a
or
T e n e l l i a  f u a c a t a  
{ P l a t e  16» Page  76 and  79}
6 , Egg mass s h o r t  c y l i n d e r ;  i f  c o i l e d ,  l e s s
th a n  one  co m p le te  t u r n ;  a t t a c h e d  a t
c e n t e r  o r  one end....................................................... . . . . .............. ................ ,7
Egg mass a  l o n g  c y l i n d e r  a t t a c h e d  t o
s u b s t r a t u m  by e g g - f r e e  mucus s t r a n d  , 1 1
7, Egg mass s t r a i g h t  c y l i n d e r  a t t a c h e d  a t  one
end,  y e l l o w ,  15 tnm l o n g .  T h o u s a n d s  of  
eggs i n  s p i r a l  egg s t r a n d  w i t h i n  mass .
P r e s e n t  i n  M a y .................. . . . . . . . . .  . . . . . . . . . .  . A i d e r i a  m odesta
( P l a t e  9 ,  Page  52)
Egg mass c u r v e d  c y l i n d e r  .......................................... . . . . . . .............................. 8
8 , Egg mass o v a l  c y l i n d e r ;  eggs  random
w i t h i n  m ass .  P r e s e n t  O c to b e r  t o
March . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... , .  O k e n la  c u p e l l a
( P l a t e  13 , Page
Eggs i n  d e f i n i t e  s p i r a l  w i t h i n  egg
mass ............................  9
9,  Comma-shaped mass a t t a c h e d  t o
s u b s t r a t u m  by one end ;  eggs w h i t e .
P r e s e n t  September  t o  December   E r c o l a n i a  v a n e l l u s
( P l a t e  6 , Page 49)
P r e s e n t  J u n e  to  O c to b e r .... ..............................   S t i i i g e r  f u s c a t u s
( P l a t e  6 , Page 51)
Egg mass c u r v e d ,  rounded  a t  one e n d ,
t a p e r e d  a t  t h e  o t h e r  end  ............  . . . . . . 1 0
10.  Mass a t t a c h e d  to  s u b s t r a t u m  a t  b r o a d ,
rounded e n d ,  eggs w h i t e .  P r e s e n t  i n
November and December , .     P o l y c e r e l l a  en t e r to n i
( P l a t e  1 1  , Page 56)
Mass a t t a c h e d  t o  s u b s t r a t u m  a l o n g  one
s i d e  o f  c y l i n d e r ,  e g g s  w h i t e .  P r e s e n t
i n  O c to b e r  Hermaea c r u c l a t a
( P l a t e  7, Page 44)
30
11.  Egg mass w i t h  co n s p ic u o u s  egg f r e e
mucus s t r a n d ;  mass g e n e r a l l y  d e p o s i t e d
i n  a f l a t  s p i r a l ,  w i t h  se c o n d a ry  l o o p s  , . . . ........................ , . . , 1 2
Egg mass w i t h  in c o n s p i c u o u s  egg f r e e
mucus s t r a n d ;  mass g e n e r a l l y  d e p o s i t e d
i n  a sy m m e t r i c a l  s p i r a l  ...............................................................................13
12 .  Egg mass i n  c y l i n d e r ;  c a p s u l e s  c o m p l e t e l y
o r  p a r t i a l l y  d e t a c h e d .  P r e s e n t  I n  summer
and f a l l . . .   .....................   C r a t e n a  p i l a t a
( P l a t e  1 9 ,  Page 84)
Eggs i n  d e t a c h e d  c a p s u l e s  w i t h i n  m ass ,
1 t o  5 e g g s  per  c a p s u l e  (u sua l  number 
1 o r  2 ) .  C apsu le  a r r an g em en t  more o r  
l e a s  s p i r a l .  P r e s e n t  in  s p r i n g  and f a l l .
     C r a t e n a  kao ruae
( P l a t e  1 8 ,  Page  80)
1 3 .  Egg mass s p i r a l  o r  z i g - z a g ;  eggs
w h i t e ,  s p i r a l  w i t h i n  mass  ...................  14
Egg mass i n  t i g h t  s p i r a l ;  eggs I n  rows
w i t h i n  m a ss ,  c o l o r  w h i t e  or  y e l l o w    .15
14.  Eggs 1 p e r  c a p s u l e ;  mass found i n
J a n u a ry  and F eb rua ry ;  p o l y - e u h a l i n e . . .
...................................................................................................... F l a c i d a  d e n d r i t i c a
( P l a t e  8 , Page  46)
Eggs i n  n o t i c e a b l e  s p i r a l  c y l i n d e r  w i t h i n  
mass .  C y l i n d e r  p inc hed  o f f  c o m p l e t e l y  
□r i n c o m p l e t e l y ,  s e p a r a t i n g  1 t o  1 0  eggs  
i n t o  c a p s u l e s ;  m e s o - e u h a l i n e .
P r e s e n t  i n  May and J u n e     E l y s i a  c h l o r o t i c a
( P l a t e  4 \  Page 41)
15.  Egg mass i n  a  c lo ck w ise  s p i r a l  (from
i n s i d e  o u t ) .  P r o f i l e  shows c e n t e r  of  
mass h i g h e r  th a n  o u t s i d e }  c o n e - s h a p e d .
Eggs y e l l o w ,  1 per  c a p s u l e ;  p o l y -  
e u h a l i n e .  P r e s e n t  in  May, J u n e  and  J u l y .
 .............. .. D o r l o p s i l l a  pha rpa
( P l a t o  1 4 ,  Page 65)
Egg mass i n  c o u n t e r c l o c k w i s e  s p i r a l ,  from 
o u t s i d e  i n .  O c c a s i o n a l l y  a ’p i l e  u p 1 
of eggs  i n  c e n t e r .  Eggs w h i t e ,  1 p e r  
c a p s u l e ;  m e s o - o u h a l i n e . P r e s e n t  a l l
y e a r  on b r y o z a a n s ............... D o r i d e l l a  o b s c u ra
( P l a t e  1 2 ,  Page 62)
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DESCRIPTIONS OF SPECIES
O r d e r  A p lys io rao rpha
F a m i ly  A p l y s i i d a e
A p l y a l a  w i l l c o x l  H e i l p r l n  1886 
( P l a t e  3 , F i g u r e  7)
D i a g n o s i s . A d u l t  l a r g e ,  up to  3 0 . 5  cm lo n g .  H ead  g r e e n i s h  a n d  t h e  
body o l i v e  g r e e n  t o  b row n ,  w i t h  b la ck ,  r e t i c u l a t i o n s i  g i l l  and m a n t l e  
e d g e s  l i g h t  p u r p l e .  C e p h a l i c  t e n t a c l e s  and e r e c t  r h i n o p h o r e s  p r e s e n t .  
E yes  a n t e r i o r  t o  t h e  r h i n o p h o r e s  and  s e t  c l o s e  t o  t h e  s u r f a c e .  An 
i n t e r n a l  s h e l l  o f  an  am ber ,  horny  m a t e r i a l  p r e s e n t .  M a n t l e  f l a p s  
l a r g e  and  o v e r l a p p i n g  on t h e  b a c k  when th e y  w ere  n o t  b e i n g  u s e d  f o r  
swimming.  The a n i m a l  e x t r u d e d  p u r p l e  i n k  when a n n o y e d  o r  i r r i t a t e d .  
O c c u r r e n c e . The s i n g l e  spec im en  o b s e r v e d  was c o l l e c t e d  a s  i t  was  
swimming j u s t  u n d e r  t h e  w a t e r  s u r f a c e  i n  a s e a s i d e  l a g o o n  on V i r g i n i a ' s  
E a s t e r n  S h o r e .  T h i s  i s  t h e  f i r s t  r e c o r d  of  A p l y s i a  w i l l c o x l  f r o m  
V i r g i n i a  w a t e r s  even  th o u g h  t h e  r a n g e  i s  from F l o r i d a  (Marcus 1 9 7 2 c )  
t o  Cape Cod, M a s s a c h u s e t t s  ( S a n f o r d  1 9 2 2 ) .
S e a s o n a l i t y  and F o o d . The  s p e c i e s  was c o l l e c t e d  i n  O c t o b e r .  I t  f e d  
v o r a c i o u s l y  on U lv a  b u t  r e j e c t e d  o t h e r  t y p e s  o f  a l g a e .
M a t i n g . Not o b s e r v e d .
Egg Mass and  E g g s . Not o b s e r v e d .
P h y l l a p l y s i a  e n g e l l  Marcus 1955 
( P l a t e  3, F i g u r e  7)
D i a g n o s i s ■ A d u l t  u p  t o  26 mm l o n g .  Green w i t h  s m a l l  w h i t e ,  o r  p ig m e n te d  
p i n k  o r  p u r p l e  r a i s e d  c o n i c a l  p a p i l l a e  on th e  b o d y ,  and  d o t s  o f  w h i t e  
on t h e  dorsum.  R h i n o p h o r e s  t r a n s l u c e n t ,  o c c a s i o n a l l y  w i t h  p i n k i s h  r i n g s .
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Foot and  g i l l  g r e e n .  P a r a p o d i a  s m a l l  fo rms  o p e n i n g s  o v e r  p a l l l a l  
c a v i t y .  O r a l  t e n t a c l e s  r o l l e d ,  a lm os t  l i k e  t h e  " o r a l  v e i l "  s een  In  
t h e  g e n u s  A p l y s l a ; r h i n o p h o r e s  r o l l e d .  Eyes l o c a t e d  j u s t  a n t e r i o r  
t o  t h e  b a s e  o f  r h i n o p h o r e s  and s e t  on s u r f a c e .  Foot  ro u n d ed  a t  
a n t e r i o r  end and  d i s t i n g u i s h e d  by a r i d g e  a r o u n d  t h e  w i d e s t  p a r t  o f  
t h e  b o d y .  Mouth w i t h  p a i r  o f  " l i p s "  o r  o r a l  l o b e s  a n t e r i o r  t o  th e  
o p e n i n g  (Marcus  1 9 5 5 ) .  These  a n im a l s  p o s s e s s  e i t h e r  a brown c u t l c u l a r  
s h e l l  o r  none a t  a l l  ( Er ,  Marcus 1955,  Marcus and Marcus  1957 and 
Ev. Marcus 1 9 7 2 c ) .  The ones  I  c o l l e c t e d  l a c k e d  a s h e l l .
O c c u r r e n c e . T h r e e  s p e c im e n s  were  c o l l e c t e d  f ro m  Eos t e r a  b e d s  i n  
C h e r r y s t o n e  C r e e k ,  V i r g i n i a .  The r a n g e  i s  r e p o r t e d  f rom F l o r i d a  to  
Sao P a u l o ,  B r a z i l  (Marcus  1 9 7 2 c ) .  Th i s  c o l l e c t i o n  e x t e n d s  t h e  r a n g e  
o f  e n g e l i  n o r th w a r d  f rom  F l o r i d a  to  t h e  l o w e r  C h esap ea k e  Bay.  
S e a s o n a l i t y  and F o o d . The a n i m a l s  were c o l l e c t e d  i n  S ep te m b er  and 
O c t o b e r .  K r a k a u e r  (1971)  r e p o r t e d  P^ . e n g e l i  f e d  on  m i c r o s c o p i c  
e p i p h y t e s  on t u r t l e  g r a s s  ( T h a l a s s i a  s p . ) .  The  a n i m a l s  c o l l e c t e d  i n  
t h i s  s t u d y  fed  on m i c r o s c o p i c  e p i p h y t e s  on Z o s t e r a .
M a t i n g . Not o b s e r v e d .
Egg Mass and E g g s .  Animals  c o l l e c t e d  a t  C h e r r y s t o n e  C re e k  w e r e  im m ature ,  
w h ich  wou ld  e x p l a i n  why th e y  d id  n o t  spawn i n  t h e  l a b o r a t o r y .  The 
s m a l l e s t  o f  t h e  a n i m a l s  grew to  a lm o s t  6  mm d u r i n g  t h e  o b s e r v a t i o n .  
However t h i s  was p r o b a b l y  s t i l l  t oo  s m a l l  f o r  r e p r o d u c t i o n .
Rem arks . The l a r g e s t  spec im en  c o l l e c t e d  was 6  mm l o n g ,  t h e  s m a l l e s t  
was 3 mm. Marcus ( 1 9 7 2 c ) ,  r e p o r t s  an a n im a l  26  mm long  from Sao P a u l o ,  
B r a z i l ,  t h a t  spawned i n  t h e  l a b o r a t o r y .  The a n i m a l s  moved l i k e  
inc h u o rm s  o v e r  t h e  s u b s t r a t u m ,  s i m i l a r  to  t h e  movement d e s c r i b e d  f o r  
P h y l l a p l y s i a  p a d l n a e  by W i l l i a m s  and G o s l i n e r  ( 1 9 7 3 ) ,  and o c c a s i o n a l l y
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r a i s e d  t h e  a n t e r i o r  h a l f  o f  the  body o f f  t h e  s u r f a c e  as i f  s e a r c h i n g  
f o r  fo o d  a n d / o r  s u r f a c e s  an  which to  crawly The m o l l u s c s  c o u l d  c o n t r a c t  
a l m o s t  a s  much a s  would a  p o l y c l a d .  The a n i m a l s  a p p e a re d  t o  u s e  c e p h a l i c  
t e n t a c l e s  a s  s e n s o r y  s t r u c t u r e s .  When d i s t u r b e d ,  t h e y  p a r t i a l l y  u n r o l l e d  
c e p h a l i c  t e n t a c l e s  and p r e s s e d  them to t h e  s u b s t r a t u m .
O r d e r  S a c o g l o s s a
F a m i ly  E l y s i i d a e
E l y s i a  c h l o r o t i c a  Gould 1870  
( P l a t e  4, F i g u r e  8 )
D i a g n o s i s .  A d u l t  up t o  45 mm lo n g .  Emerald g r e e n ,  w i t h  m i n u t e  r e d ,  
w h i t e ,  b l u e  and  o c c a s i o n a l l y  l i g h t  ye l low  g r e e n  s p o t s .  Unfed a n i m a l s  
c h o c o l a t e  t o  t a n .  R h in o p h o re s  f o l d e d  c y l i n d e r s ,  p o i n t e d  a t  t h e  t i p .
F o o t  t r i a n g u l a r  a n t e r i o r l y ,  p o in t e d  p o s t e r i o r l y .  P a r a p o d ia  p r e s e n t .
Body l a n c e o l a t e  w i t h  p a r a p o d i a  f o l d e d ,  h e a r t - s h a p e d  o r  oval  when expanded .  
S m a l l  ( 2 . 5  mm) and l a r g e  (up to 45 mm) an im a ls  r e v e a l  a p a r a p o d i a l  s i z e  
r a n g e  f rom  s m a l l  d o r s a l  f l a p s  o f  s k i n  no t  m e e t i n g  d o r s a l l y  t o  l a r g e  
o v e r l a p p i n g  n a t a t o r y  ap p en d a g es .  Thompson (1976)  s t a t e d  t h a t  J u v e n i l e  
E l y s i a  do n o t  p o s s e s s  p a r a p o d i a .  I t  i s  p o s s i b l e  t h a t  the  s p e c i e s  o f  
E l y 3 l a  h e  s t u d i e d  do n o t  have  p a r a p o d i a  as  j u v e n i l e s  or  t h a t  t h e  
p a r a p o d i a  w ere  so  s m a l l  he  did n o t  s e e  them.
O c c u r r e n c e . P f i t e e n m e y e r  (1961) made th e  f i r s t  r e c o r d  of  II. c h l o r o t i c a  
f rom  t h e  M ary lan d  w a t e r s  o f  Chesapeake Bay. The  p r e s e n t  s t u d y  i s  t h e  
f i r s t  r e p o r t  o f  E_, c h l o r o t i c a  from V i r g i n i a  w a t e r s .  The 41 a n i m a l s  
o b s e r v e d  w e re  c o l l e c t e d  from Bloody P o i n t  t o  Poccmoke Sound in  t h e  
C h e s a p e a k e  Bay and  from W achapreague ,  V i r g i n i a .  F u r t h e r  d i s t r i b u t i o n  
i s  from Nova S c o t i a  ( B a i l e y  and Bleakney  1967) to  B e a u f o r t ,  N o r t h  
C a r o l i n a  ( P e a r s e  1936) .  The a n i m a l s  a s s o c i a t e  w i t h  Kuppia . Z o a t e r a .
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U lv a , V a u c h e r i a  and  E n t e r o m o r p h s  ( R u s s e l l  1 9 4 6 ) .  They a r e  f o u n d  in  
meso-  t o  e u h a l l n e  s a l i n i t i e s  a n d  from a d e p t h  o f  s e v e r a l  m a t e r s  to  
I n t e r t i d a l  p o o l s  and  m u d f l a t s  ( R u s s e l l  1946,  B a i l e y  and  B le a k n e y  1 9 6 7 ) .  
S e a s o n a l i t y  and  F o o d . The  a n i m a l s  o c c u r  i n  t h e  s tu d y  a r e a  from May to  
S e p te m b e r ,  E.  c h l o r o t i c a  c o l l e c t e d  front Wachapreague  came t h r o u g h  t h e  
f l o w i n g  s e a  w a t e r  s y s t e m .  The a d u l t s  p o s s i b l y  f e e d  on E n te ro m o rp h a  
c l a t h r a t a  ( R o t h )  ( R u s s e l l  1 9 4 6 ) ,  Ulva o r  R u p p i a ■ They c a n  be  h e l d  
f o r  s e v e r a l  m o n t h s  i n  t h e  l a b o r a t o r y  w i t h o u t  f e e d i n g  i f  k e p t  i n  t h e  
s u n .
M a t i n g ■ Spaw ning  o c c u r s  in  May and  J u n e .  jJ. c h l o r o t i c a  g e n e r a l l y  m a te s  
i n  p a i r s ,  w i t h  t h e  c o u p l e  r e m a i n i n g  in  c o i t u s  f o r  s e v e r a l  h o u r s .  S m a l l  
a n i m a l s  8  t o  11 mm mated  f o r  s h o r t e r  p e r i o d s  o f  t i m e .  Only a n i m a l s  
above  8  mm w e r e  o b s e r v e d  m a t i n g .
Egg Mass and E g g s . The eggs  a r e  w h i t e  and  a r e  l a i d  i n  a c y l i n d r i c a l  
mass a t t a c h e d  t o  t h e  s u b s t r a t u m  a lo n g  t h e  e n t i r e  l e n g t h  o f  one  a i d e  
(Type B, H u r s t  1967)  ( T a b l e  2 ) .  The m asses  may be l a i d  i n  a  s p i r a l  o r  
randomly  p l a c e d  z i g - z a g  and c a n  be up t o  110 mm in  l e n g t h .  The l a r g e s t  
a n i m a l s  l a i d  t h e  l a r g e s t  egg m a s s e s .  The e g g s  a r e  c n c a p s u l e d  by a 
c o n t i n u o u s  s p i r a l  c a p s u l e  r u n n i n g  th e  e n t i r e  l e n g t h  o f  t h e  egg m a s s .
The c a p s u l e  i s  t w i s t e d  a t  i r r e g u l a r  i n t e r v a l s  t o  form s e p a r a t e  c o m p a r t ­
ments  f o r  t h e  e g g s .  U s u a l l y  t h e r e  a r e  from one t o  t e n  eggs  i n  e a c h  
com p ar tm e n t .  The end o f  t h e  egg mass  may c o n t a i n  s e v e r a l  c o m p ar tm e n ts  
w i t h o u t  e g g s .
L a r v a e . The p l a n k - t o t r o p h i c  l a r v a e  h a t c h  i n  4 t o  7 d a y s  a t  2 1 -2 5 °C .
They a r e  0 .1 8  mm t o  0 . 2 0  mm i n  s i z e  and have a band o f  b l a c k  p ig m e n t  
a round  t h e  o p e n i n g  o f  t h e  s h e l l .  T h i s  s p e c i e s  d id  n o t  u n d e rg o  m e t a ­
m o r p h o s i s  in  t h e  l a b o r a t o r y .
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Remarks . G reen  (1970)  s t u d i e d  s a c o g l o a s a n s  f rom th e  g e n e r a  E l y s i a ,
F l a c i d a , F l a c o b r a n c h u s  and  H e r a a e l n a  and found t h a t  t h e s e  a n i m a l s  I n g e s t  
c h l o r o p i e s t a  o f  t h e i r  a l g a l  f o o d .  Animals  In  t h e  g e n e r a  E l y s i a T F l a c i d a  
and  F l a c o b r a n c h u a  r e t a i n  t h e  c h l o r o p l a s t s  In  a s y m b i o t i c  c o n d i t i o n  w h i l e  
t h e  c h l o r o p l a s t s  I n  a n i m a l s  I n  t h e  genus  Hermae lna  a r e  a p p a r e n t l y  d e g r a d e d .  
He s u g g e s t s  t h a t  s y m b i o s i s  b e tw ee n  a n i m a l s  i n  t h e  o r d e r  S a c o g l o s s a  and 
a lg aL  c h l o r o p l a s t s  i s  t h e  r u l e  r a t h e r  than  t h e  e x c e p t i o n  (G reen  1 9 7 0 ) ,  
Marcus (1972a)  r e p o r t e d  Ji. c h l o r o t i c a  a s  b e i n g  y e l l o w i s h  i n  c o l o r ,  b u t  
t h i s  o b s e r v a t i o n  was made f rom a p h o t o g r a p h  o f  an an im a l  h e l d  In  t h e  
l a b o r a t o r y  l o n g  enough f o r  some o f  i t s  c h l o r o p l a s t s  t o  be a b s o r b e d  a s  
f o o d .  Broad v a r i a t i o n  in  t h e  c o l o r  o f  t h e s e  a n i m a l s  I s  p r o b a b l y  d u e  
t o  t h i s  phenomenon.
E l y s i a  c a t u l u s  (Gould 1870)
( P l a t e  5, F i g u r e  8 )
D i a g n o s i s . A d u l t  3 mm l o n g ,  d a r k  t o  l i g h t  g r e e n ,  t h r e e  w h i t e  p a t c h e s  
on head ;  one  l y i n g  d o r s a l l y  and  o n e  l y i n g  o b l i q u e l y  on e i t h e r  s i d e  o f  
head  p o s t e r i o r  t o  r o l l e d  r h i n o p h o r e s .  P a r a p o d i a  n o t  m e e t i n g  d o r s a l l y .  
P r e s e r v e d  a n d / o r  c o n t r a c t e d  a n i m a l  w i t h  g e n e r a l  o u t l i n e  o f  a  c a t - -  
h e n c e  t h e  name c a t u l u s  .
O c c u r r e n c e . The s p e c i e s  r a n g e s  f rom Nova S c o t i a  to  V i r g i n i a ,  C l a r k  
(1975) s t a t e s  t h a t  jJ* c a t u l u s  i s  t h e  most  a b u n d a n t  s a c o g l o s s a n  i n  
C o n n e c t i c u t  w a t e r s .
S e a s o n a l i t y  and  F o o d . S ix  s p e c im e n s  were  c o l l e c t e d  in  t h e  C h e s a p e a k e  
Bay f rom J u l y  t o  O c t o b e r .  Marsh (1970) c o l l e c t e d  E^ . c a t u l u s  on Z o s t e r a  
m a r i n a  in  t h e  York R i v e r  i n  a l l  s e a s o n s ,  w i t h  p e a k s  o f  ab u n d an c e  i n  
November and December .  JS. c a t u l u s  g r a z e s  on t h e  c e l l s  o f  Z o s t e r a  
( C l a r k  1975) .
44
M a t i n g . JL. c a t u l u s  d id  n o t  l a y  eggs  o r  mate In the  l a b o r a t o r y .
Egg Mass and  Eggs . C la rk*  (1975) r e p o r t e d  E, c a t u l u s  eggs In  C onnec t icu t  
from mid-May t o  e a r l y  A u g u s t ;  a f t e r  which a l l  t h e  adu l ta  d i s a p p e a r e d .  
B ecause  o f  t h e  p eak s  o f  abundance  i n  November and December r e p o r t e d  by 
Marsh (1970) * t h e s e  months  would be t h e  expec ted  spawning s e a s o n  fo r  
c a t u lu a  i n  V i r g i n i a  w a t e r s .
Remarks.  T r o p i c a l  s t o r m  "Agnes" In  1972 a lmost  completely d es t ro y e d  
t h e  E_. c a t u l u s  p o p u l a t i o n  In t h e  Chesapeake Bay. Since t h a t  t im e ,  1 
c o l l e c t e d  o n l y  two a n i m a l s  from C h e r r y s t o n e  Creek* Chesapeake Bay.
R. J .  O r t h  (1976) has  sampled  Z o s t e r s  e x t e n s i v e l y  in the  Chesapeake 
Bay s i n c e  "Agnes" and has  Found no E^ . c a t u l u s . Marcus (1972a) s t a t e s  
t h a t  s i n c e  c a t u l u s  i s  a  noun ,  I t  does  n o t  need to  agree In  gende r  to  
t h e  f e m i n i n e  E l y s i a .
i t  i s  p o s s i b l e  t h a t  J u v e n i l e  f£. c h l o r o t i c a  could b e  m is taken  
f o r  E^ . c a t u l u s  b e c a u s e  t h e  p a r a p o d i a  do n o t  meet d o r s a l l y .  However, 
t h e  p r e s e n c e  o f  l o b e s  on t h e  f o o t  o f  13, c h l o r o t i c a  which a r e  n o t  p r e s e n t  
i n  E. c a t u l u s , and t h e  d i s t i n c t  w h i t e  p a t c h e s  on the  head o f  E. c a t u l u s  
a r e  s u f f i c i e n t  t o  d i s t i n g u i s h  t h e  two s p e c i e s .
Family  Hettnae ldae
Hermaea c r u c l a t a  Gould 1870 
( P i s t e  7, F i g u r e  9}
D i a g n o s i s . A d u l t  a e o l i d i f o r m ,  10 ram, long and s l e n d e r  w i th  c e r a t a  on 
i t s  dorsum. Background c o l o r  cream w i t h  a g r e e n i s h  c a s t .  Ep idermis 
c o v e re d  w i t h  w h i t e  w a r t - l l k e  s p o t s .  The s p o t s  c o n c e n t r a t e  a t  t h e  t i p s  
o f  each  c e r a s ,  c a u s in g  t h e  e n t i r e  end to  appea r  w hi te .  C e r a t a  c y l i n d r i c a l ,  
w i t h  c r u c i f o r m  d i v i s i o n s  o f  t h e  amber-brown d i g e s t i v e  gland d i v e r t i c u l a  
a t  t h e  d i s t a l  end .  D i g e s t i v e  g l a n d  d iv i d e d  i n t o  two l i n e s  on each s i d e
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of t h e  body,  j o i n i n g  i n  a  c e r a s  a n t e r i o r  t o  t h e  t a i l .  Foo t  o n e - h a l f  
aa w id e  a s  t h e  b o d y ,  and a t t e n u a t e d  p o s t e r i o r l y .  A na l  o p en ing  on a 
p a p i l l a  a n t e r i o r  t o  t h e  c a r d i a c  p ro m in e n c e .  P e n i s  armed w i t h  3 h o o k a .  
R ad u la  w i t h  17 rows o f  t e e t h  o n  t h e  r i b b o n ,  10 on t h e  u p p e r  and 7 on 
th e  l o w e r  p o r t i o n ,  R h in o p h o r e s  r o l l e d ,  c o n t a i n i n g  brown p igm ent  o n  
t h e  d o r s a l  s i d e .  E y e s  J u s t  p o s t e r i o r  t o  t h e  b a s e  o f  t h e  r h i n o p h o r e s .  
O c c u r r e n c e . Hermaea c r u c l a t a  i s  found  in  M a s s a c h u s e t t s  and  Chesapeake  
Bay.
S e a s o n a l i t y  and F o o d . Specimens  from t h e  C h e s a p e a k e  Bay r e g i o n  w e r e  
c o l l e c t e d  i n  O c t o b e r  and November (Marsh 1970 and Vogel  1 971 ) ,  The  
food  o f  11. c r u c l a t a  i s  no t  known b u t  t h e  a d u l t s  p o s s i b l y  f e e d  on 
s m a l l  a l g a e  found  o n  Z o s t e r a .
M at ing  - Not o b s e r v e d .
Egg Mass  and E g g s . H. c r u c l a t a  l a i d  eggs  i n  t h e  l a b o r a t o r y .  The 
mass was comma-shaped and a t t a c h e d  t o  t h e  s u b s t r a t u m  a t  t h e  c e n t e r  
(Type C, l l u r s t  1967) (Tab le  2 ) .  The egg c a p s u l e s ,  e a c h  c o n t a i n i n g  o n e  
w h i t e  egg ,  w ere  a r r a n g e d  In  a  s p i r a l  from o n e  end o f  t h e  mass t o  t h e  
o t h e r .  The eggs  a v e r a g e d  0 . 1  mm i n  d i a m e t e r  and t h e  egg  c a p s u l e s  
a v e r a g e d  0 .1 5  mm i n  d i a m e t e r .
L a r v a e . V e l i g e r s  w e r e  p r e s e n t  i n  t h e  egg c a p s u l e s  a t  3 d a y s  and 
h a t c h e d  on t h e  f i f t h  day .  E ach  v e l i g e r  had a l a r g e  p ig m en t  spo t  i n  
i t s  c e n t e r .  The s h e l l  l a c k e d  p i g m e n t .  A l l  v e l i g e r s  w ere  w e l l  
d i f f e r e n t i a t e d  f i v e  d a y s  a f t e r  h a t c h i n g .  The a n i m a la  d i d  n o t  u n d e r g o  
m e ta m o rp h o s i s  i n  t h e  l a b o r a t o r y .
Rem arks♦ The m a t i n g  and f e e d i n g  h a b i t s ,  a s  w e l l  a s  t h e  l a t e r  s t a g e s  
o f  d e v e l o p m e n t ,  a r e  unknown. Marsh (1970) a n d  Vogel  (1971 )  c o l l e c t e d  
II, c r u c l a t a  from Z o s t e r a  m a r i n a  c o m m u n i t i e s .  H. c r u c l a t a  i s  e x t r e m e l y
46
r a r e  a l t h o u g h  more  e x t e n s i v e  c o l l e c t i n g  m igh t  r e v e a l  more  s p ec im en s .
Marsh (1970) r e p o r t e d  two s p e c im e n s  f rom t h e  York R ive r  and Vogel 
(1971) found  one an im a l  f rom D e a l  I s l a n d  i n  t h e  Chesapeake  Bay.  The 
o r i g i n a l  d e s c r i p t i o n  o f  t h e  a n im a l  was o f  a spec im en  c o l l e c t e d  o f f  
Naushon I s l a n d ,  M a s s a c h u s e t t s  (Gould  1 8 7 0 ) .  A l l  r e c o r d s  o f  t h i s  s p e c i e s  
a r e  o f  t h e  f o u r  a f o r e m e n t i o n e d  s p e c im e n s  (Gould 1870 ,  V e r r l l l  and 
Sm ith  1874,  J o h n s o n  1934 ,  Marsh 1970,  F r a n z  1970 ,  Vogel 1971,  and 
Marcus 1972) .
F l a c i d a  d e n d r I t i c a  ( A l d e r  and  Hancock 1843)
( P l a t e s  8 and 20,  F i g u r e  9)
D i a g n o s i s . A d u l t s  7-15  mm l o n g ,  A e o l l d i f o r m ,  w i t h  r o l l e d  r h i n o p h o r e s  
and c e r a t a  c o n t a i n i n g  c o n v o l u t e d  ' l i v e r 1 d i v e r t i c u l a .  Anal  open ing  
l o c a t e d  on a p a p i l l a  j u s t  a n t e r i o r  t o  t h e  h e a r t .  P.  d e n d r i t i c a  w h i t e  
w i t h  g r e e n  l i v e r  d i v e r t i c u l a .  Green c o l o r  a l s o  ex t e n d e d  I n t o  r h i n o p h o r e s  
i n  a t r e e - l i k e  p a t t e r n ,  h e n c e  i t s  name. C e r a t a  w i t h  s h i n y  w h i t e  g l a n d  
c e l l s .  C e r a t a  u n i f o r m l y  l o c a t e d  d o r s a l l y  i n  p a i r e d  rows o f  two. One 
l a r g e  and one  s m a l l  c e r a s  p r e s e n t  i n  e a c h  row. Foot  a s  w ide  a s  body,  
t a p e r e d  t o  long  p o s t e r i o r  p o i n t .  A n t e r i o r  edge o f  food r o u n d e d .
O c c u r r e n c e . The d i s t r i b u t i o n  on  t h e  W e s te r n  A t l a n t i c  i s  from Nova 
S c o t i a  ( C l a r k  and Franz  1969) t o  Curacao  (Marcus and Marcus 1970) ,
I t s  wor ld  d i s t r i b u t i o n  i n c l u d e s  t h e  E a s t e r n  A t l a n t i c ,  C a l i f o r n i a ,
W es te rn  Canada ,  J a p a n  and  A u s t r a l i a  ( A l d e r  and Hancock 1843,  Baba 1937a ,  
McFar land 1966,  Thompson 1973 and  Lamber t  1 976 ) .  T h i s  s tu d y  p r o v i d e s  
t h e  f i r s t  r e c o r d  o f  P l a c l d a  d e n d r i t i c a  i n  V i r g i n i a  w a t e r s .
S e a s o n a l i t y  and Food . E i g h t e e n  d e n d r i t i c a  w e re  c o l l e c t e d  from 
a l g a e  growing on o y s t e r  t r a y s  i n  Swash Bay,  E a s t e r n  S ho re ,  V i r g i n i a ,
In  l a t e  J a n u a r y  1974.  A l g a l  s u b s t r a t e s  w e r e  A g a r d h i e l l a  ep.  and 
B r y o p s l s  p l u m o s a . The  t e m p e r a t u r e  w as  7.5*C and t h e  s a l i n i t y  33 o /oo .  
The a n i m a l s  w e r e  o b s e r v e d  f e e d i n g  on t h e  a l g a e .
M a t i n g . S p e c i m e n s  w e r e  o b s e r v e d  m a t i n g  i n  t h e  l a b o r a t o r y ,  b u t  no 
c o u r t s h i p  a c t i v i t y  was  o b s e r v e d .  They c r a w l e d  t o  a h e a d - t o - t a l l  
j u x t a p o s e d  p o s i t i o n ,  w i t h  t h e  r e p r o d u c t i v e  o p e n i n g s  t o g e t h e r ,  and 
s i m u l t a n e o u s l y  t r a n s f e r r e d  s p e rm .  Som et im es  s e v e r a l  a n i m a l s  c l u s t e r e d  
b u t  p r o b a b l y  w i t h o u t  m a t i n g .
Egg Mass a n d  E g g s . W h i t e  e g g s  w ere  l a i d  In a  c l o c k w i s e  s p i r a l  from 
t h e  i n s i d e  o u t  1 t o  1 1 / 2  t u r n s  (Type  B, H u r s t  1967) ( T a b l e  2 ) .  The 
mass s i z e  d e p e n d e d  on how many t i m e s  t h e  a n i m a l  had spawned (Baba and 
H am atan1 1952)  . T h e r e  was  o n e  egg i n  a c a p s u l e .  The egg  c a p s u l e  seemed 
t o  be  s l i g h t l y  e t c h e d .  The e g g s  w e r e  6 0 -6 5  m i c r o n s  i n  d i a m e t e r  and 
t h e  egg  c a p s u l e s  w ere  8 0 - 9 2  m i c r o n s  i n  w i d t h  and  92-L19 m i c r o n s  long .  
L a r v a l  D e v e l o p m e n t . The  e g g s  k e p t  a t  1 8 .5 °C  d e v e l o p e d  r e l a t i v e l y  
s l o w l y  a n d  r e a c h e d  t h e  s h e l l e d  v e l l g e r  s t a g e  I n  5 d a y s  and  h a t c h e d  
a t  7 d a y s .  The  u n h a t c h e d  v e l i g e r s  d i d  n o t  c o n t a i n  any  b l a c k  pigment 
s e e n  o n  o t h e r  l a r v a l  s a c o g l o s s a n s . The  l a r v a  p o s s e s s e d  an  opercu lum 
and a r a t h e r  e l o n g a t e  s h e l l .  The a n i m a l  a l m o s t  c o m p l e t e l y  f i l l e d  the 
s h e l l .  B e f o r e  h a t c h i n g ,  t h e  l a r v a l  s h e l l  grew t o  a l m o s t  f i l l  t h e  
egg c a p s u l e .  H a t c h i n g  beg an  when t h e  egg c a p s u l e  c o l l a p s e d  on th e  
v e l l g e r .  The  v e l l g e r  t h e n  f o r c e d  i t s  way backw ard  f rom  t h e  egg 
c a p s u l e .  V e l i g e r s  w e re  o b s e r v e d  w i t h  a r e d u c e d  velum a f t e r  t h r e e  
d a y s .  Egg m a s s e s  w e r e  l a i d  a t  1 8 . 5 “ C i n  t h e  l a b o r a t o r y  and i n  ambient  
s e a  w a t e r ,  4 . 5  to  6 BC. A l l  t h e  e g g s  seemed t o  be n o r m a l .
T he  v e l l g e r  c o n t a i n e d  v e r y  l i t t l e  y o l k  and f e d  on s m a l l  
a l g a e  a n d  d i a t o m s  In t h e  w a t e r .  The m o s t  s t r i k i n g  phenomenon was 
t h a t  some o f  t h e  a n i m a l s  a c t u a l l y  a d d e d  up t o  o n e - t h i r d  more s h e l l .
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Thia i s  r a r e  among nak ed  o p i a t h o b r a n c h s ,  b u t  was a l s o  n o te d  by  Green  
(1968) . The  an im a l  was  d e t a c h e d  f rom  m a s t  o f  t h e  s h e l l  a t  t h a t  t i m e .
The velum became r e d u c e d  and  t h e  f o o t  e n l a r g e d  i n  p r e p a r a t i o n  o f  
m e t a m o r p h o s i s . No d e n d r l t i c a  c o m p l e t e d  m e ta m o r p h o s i s  and  c a s t  
o f f  i t s  s h e l l  i n  t h e  l a b o r a t o r y ,  a l t h o u g h  some c o m p le t e d  a l l  b u t  t h e  
l a s t  s t a g e  o f  c a s t i n g  o f f  t h e  s h e l l .
Remarks■ S e v e r a l  F_. d e n d r i t i c a  w ere  l e f t  i n  a bowl w i t h  o n l y  t h e  r e d  
a lga  A g a r d h i e l l a . A f t e r  a  week,  t h e  a n i m a l s  had b l e a c h e d  t o  a l i g h t  
brown c o l o r .  They d i d  n o t  e a t  t h e  A g a r d h i e l l a . Some B r y o p s i s  p l u m o s a , 
a g re e n  a l g a ,  was p l a c e d  i n  t h e  bowl a f t e r  t h i s  t i m e .  The P^ . d e n d r l t  l e a  
im m edia te ly  s t a r t e d  f e e d i n g  on i t .  T h e y  w ere  s e e n  t o  p i e r c e  t h e  c e l l  
wall  w i t h  t h e i r  r a d u l a  a n d  th e n  suck  t h e  c e l l  c o n t e n t s  w i t h  a r h y th m ic  
motion .  A f t e r  t h e  c e l l  was e m p t ie d ,  t h e  a n im a l  wou ld  move t o  a n o t h e r  
c e l l  and r e p e a t  t h e  p r o c e s s .  The g r e e n  c o l o r  s t a r t e d  r e a p p e a r i n g  in  
the  a n i m a l s  l e s s  th a n  tw o  h o u r s  a f t e r  t h e  g r e e n  a l g a  was p l a c e d  in  t h e  
howl. The c o l o r  a p p e a r e d  i n  a p a t t e r n ,  w i t h  t h e  c e n t r a l  c e r a t a  
r e g a i n i n g  c o l o r  f i r s t ,  t h e n  p o s t e r i o r ,  f r o n t ,  and f i n a l l y  t h e  head 
l e g i o n ,  r h i n o p h o r e s  and p a p i l l a .  The g r e e n  c e l l  c o n t e n t s  c o u l d  be 
seen f l o w i n g  th ro u g h  t h e  d i g e s t i v e  g l a n d  r a m i f i c a t i o n s  in t h e  c e r a t a  
and head .  The  an im a ls  r e m a in e d  g r e e n  a s  l o n g  a s  t h e r e  was fo o d  and 
u n t i l  t h e  f o o d  was d i g e s t e d .  I n  t h e  l a b o r a t o r y  i t  was n o t  uncommon 
to  s e e  an a n i m a l  h a l f  g r e e n  and h a l f  b r o w n ,  bu t  t h i s  was n o t  s e e n  
in n a t u r e .
A s t u d y  was made o f  t h e  e f f e c t s  of  s e v e r a l  t e m p e r a t u r e s  
on th e  d e v e l o p m e n t  o f  £ .  d e n d r i t i c a  e g g s .  A s i n g l e  egg mass was 
d iv ided  i n t o  f o u r  p a r t s  a n d  p l a c e d  i n  b o w ls  h a v in g  v a r i e d  t e m p e r a t u r e s ,  
and o b s e r v a t i o n s  were r e c o r d e d  d a l l y  u n t i l  t h e  e g g s  h a t c h e d  o r  d i e d .
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At 2 5 . 5 ° C, t h e  eggs  were  a p p a r e n t l y  n o t  a b l e  t o  d e v e l o p  n o r m a l l y .
Development was normal  and r a p i d  u n t i l  t h e  a n i m a l s  r e a c h e d  t h e  g a s t r u l a  
s t a g e ,  a f t e r  w h ich  th e y  became abn o rm a l— c a s t i n g  o f f  c e l l s  and  d e v e l o p i n g  
o n l y  p a r t s  o f  t h e  normal  v e l l g e r .  The e g g s  a t  1 0 . 0 BC d e v e l o p e d  more 
s lo w ly  than  t h e  ones  a t  18 .5 °C  b u t  a p p e a r e d  to  b e  n o r m a l .  The eggs 
a t  4 .3°C  ( a m b i e n t  s e a - w a t e r )  d e v e lo p e d  m o s t  s l o w l y  bu t  h a t c h e d  
n o r m a l ly  a t  19 d a y s ,  more  t h a n  t w i c e  a s  l o n g  a s  t h e  eggs  a t  1B,5°C.
Some c o n t r o v e r s y  h a s  a r i s e n  a s  t o  t h e  p r o p e r  g e n e r i c  
p la cem e n t  o f  F l a c i d a  d e n d r i t i c a . I t  was p l a c e d  f i r s t  i n  t h e  genus  
Hermaea o f  L oven ,  1844.  The c h a r a c t e r s  f o r  t h i s  g e n u s  i n c l u d e  b r a n c h e d  
" l i v e r ” d i v e r t i c u l a e  i n  t h e  c e r a t a .  The g e n u s  P l a c I d a  T r i n c h e s e ,
1877,  h a s  u n b ra n c h e d  " l i v e r "  d i v e r t i c u l a e  and  b r a n c h e d  a lbumen g la n d s  
i n  t h e  c e r a t a .  The c e r a t a  o f  s e v e r a l  P .  d e n d r i t i c a  s t u d i e d  had knobby,  
u nb ranche d  " l i v e r "  d i v e r t i c u l a e  i n  t h e  c e r a t a  and  b r a n c h e d  albumen 
g l a n d s .  Th i s  would  d e f i n i t e l y  p l a c e  t h e  s p e c i e s  d e n d r l t i c a  i n  t h e  
genus  F l a c i d a .
E r c o l a n i a  v a n e l l u s  (Marcus  1957)
( P l a t e  6, F i g u r e  10)
D i a g n o s i s . A d u l t  3 . 5  mm a e o l i d i f o r m  w i t h  p a i r e d  c o n i c a l  r h i n o p h o r e s  
and no o r a l  t e n t a c l e s .  C e r a t a  o v a l  t o  t r i a n g u l a r  i n  s h a p e ,  s t i p p l e d  
w i t h  b l a c k ,  somet im es  d e n s e l y .  T r a n s l u c e n t  a r e a s  p r e s e n t  o v e r  eye  
s p o t s .  Anal  o p e n in g  l o c a t e d  on a d o r s o - f l i e d i a l  p a p i l l a  a n t e r i o r  to  t h e  
h e a r t .  Foot  a s  w ide  a s  t h e  body and rounded  a t  t h e  a n t e r i o r  end .
C e r a t a  in  rows on eac h  s i d e  o f  t h e  b a c k ,  7 - 1 0  on e a c h  s i d e .  Repro­
d u c t i v e  o p e n i n g s  l o c a t e d  on  r i g h t  s i d e  b e lo w  e y e  and  p e n i s  armed w i t h  
ho o k s .  Th i s  d e s c r i p t i o n  a g r e e s  w i t h  t h a t  o f  Marcus  (1957) and Marcus 
( 1 9 7 2 a ) .
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O c c u r r e n c e . More t h a n  50 a d u l t s  were  found In  t h e  Chesapeake  Bay in  
s a l i n i t i e s  o f  15 o /o o  to  21 o / o o .  F u r t h e r  d i s t r i b u t i o n  i s  F l o r i d a  to 
B r a z i l  (Marcus  1 9 7 2 a ) .
S e a s o n a l i t y  and  F o o d . The a n i m a l s  were  c o l l e c t e d  from September  to  
December i n  C hesapeake  Bay.  They were  obse rved  g r a z i n g  on m ic ro -  
e p i p h y t e s  on b l a d e s  o f  Z o s t e r a .
M a t i n g . JE. v a n e l l u s  mated and  l a i d  e g g s  in  t h e  l a b o r a t o r y .  C o u r t ­
s h i p  p r o c e d u r e  was b r i e f ,  w i t h  two a n i m a l s  t o u c h i n g  and th e n  e x t r u d i n g  
t h e i r  c o p u l a t o r y  o r g a n s .  The a n i m a l s  a l i g n e d  In  J u x t a p o s i t i o n ,  head 
t o  t a l l ,  and e a c h  i n s e r t e d  i t s  c o p u l a t o r y  organ  i n t o  t h e  o t h e r .  A 
m u tua l  t r a n s f e r  o f  sperm t h e n  t o o k  p l a c e .
Egg Mass and E g g s . Eggs a r e  l a i d  i n  a  comma-shaped mass  a t t a c h e d  t o  
t h e  s u b s t r a t u m  a t  one  end (Type D, H u r s t  1967) ( T a b l e  2 ) ,  T h e re  i s  one 
egg i n  e a c h  c a p s u l e  and 50 c a p s u l e s  i n  t h e  mass,  a r r a n g e d  i n  a s t r a n d  
w i t h  t h e  s i d e s  o f  t h e  c a p s u l e s  n o t  t o u c h i n g .  T he  egg c a p s u l e s  c o n t a i n  
a g r a n u l a r  s u b s t a n c e  t h a t  p e r s i s t s  u n t i l  t h e  v e l i g e r s  a r e  formed.  
L a r v a l  D ev e lo p m en t . The l a r v a e  grow f rom 70 m i c r o n s  t o  130 microns  
and f i l l  t h e  e n t i r e  egg c a p s u l e  J u s t  p r i o r  to h a t c h i n g .  The eggs a r e  
o f  d e v e l o p m e n t a l  Type 1 (Thompson 1 9 6 7 ) ,  Tab le  3,  No l a r v a  underwent 
m e ta m o rp h o s i s  i n  t h e  l a b o r a t o r y .
E r c o l a n i a  s p .
( P l a t e  5, F i g u r e  10)
D i a g n o s i s . A d u l t ,  3 mm, a e o l i d i f o r m ,  w i t h  c y l i n d r i c a l  r h i n o p h o r e s  
and no  o r a l  t e n t a c l e s .  C e r a t a  a r r a n g e d  s i n g l y ,  w i t h  e i g h t  on each  
s i d e  o f  dorsumj and  c l e a r ,  w i t h  o r a n g e  d i g e s t i v e - g l a n d  d i v e r t i c u l a e  
in  them. B la c k  s p o t s  d o r s a l l y .  Foot  a s  wide a s  body.
Remarks. One specimen seen  a l i v e  was u n l i k e  congene rs  found i n  th e  
Western A t l a n t i c .  The an imal was p la c e d  i n  t h e  genus E r c o l a n i a  bu t  
i t  was no t  p o s s i b l e  t o  c l a s s i f y  i t  beyond t h e  g e n e r i c  l e v e l .  I t  was 
c o l l e c t e d  from near  t h e  mouth o f  t h e  Rappahannock R ive r  i n  October  
1971. Another specimen,  presumably  o f  the  same s p e c i e s ,  was c o l l e c t e d  
by Relnaldo  Morales-Alamo from t h e  Rappahannock River i n  O c to b e r  1972.
A specimen was seen p r e s e r v e d  bu t  was not  d i s s e c t e d .  The e x a c t  
p lacement o f  t h i s  s p e c i e s  must a w a i t  c o l l e c t i o n  o f  more spec im ens .
S t i l i g e r  f u s c a t u s  (Gould 1S70)
( P l a t e  6, F ig u re  10)
D i a g n o s i s . Adults  s m a l l  (3 mm), a e o l i d i f o r m ,  l a c k in g  o r a l  t e n t a c l e s ,
1 p a i r  o f  rh inophores  and d o r s a l  c e r a t a .  C e r a t a  t r i a n g u l a r  t o  
c y l i n d r i c a l  in  shape,  a r r a n g e d  5 on each s i d e .  Foot a s  w ide  a s  body,  
rounded in to  lobes a n t e r i o r l y  and t a p e r e d  t o  a  rounded t a i l  p o s t e r i o r l y .  
Anal opening loca ted  d o r s a l l y  to  t h e  r i g h t  o f  t h e  median l i n e  j u s t  
a n t e r i o r  to  the  h e a r t .  G en i t a l  o p e n in g s  l o c a t e d  on t h e  r i g h t  s i d e  
below t h e  eye.  Specimens vary in  c o l o r  from red-b rown to  b l a c k ,  w i th  
t r a n s l u c e n t  patches  a ro u n d  the  eyes  and w h i t e  t i p s  on t h e  c e r a t a ,  a s  
w e l l  a s  a white  s t r i p  a lo n g  the  u n d e r s i d e  and p o s t e r i o r  edge  o f  t h e  
r h in o p h o re s .  Rhinophores  a l s o  w i t h  grooves  on  the  u n d e r s i d e  t h a t  a r e  
o n ly  n o t i c e a b l e  when t h e  animal i a  p r e s e rv e d  (Thompson 1 9 7 3 ) .
O c c u r r e n c e . The a d u l t s  were c o l l e c t e d  from t h e  Chesapeake Bay in  
mid to  upper mesohal lne s a l i n i t i e s .  F u r t h e r  d i s t r i b u t i o n  i s  from 
New Hampshire to  V i r g i n i a  (Franz 1970 ,  Marcus 1972a,  A bho t t  1974, 
and Marsh 1970).
S e a s o n a l i t y  and Food. The  animals  were  c o l l e c t e d  in t h e  months  f tom 
June  to  October in t h i s  s tu d y .  f u s c a t u s  appea red  to  f e e d  upon
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d ia to m s  on  b l a d e s  o f  Z o s t e r a  and  some s p e c i e s  o f  a l g a e .
M a t in g . The a d u l t s  had v e r y  l i t t l e  c o u r t s h i p  b e h a v i o r .  They a p p ro a c h e d  
each  o t h e r ,  a l i g n e d  i n  j u x t a p o s i t i o n  and c o p u l a t e d .  The a n i m a l s  
somet imes were a  s h o r t  d i s t a n c e  a p a r t ,  bu t  u s u a l l y  t h e y  w e re  t o u c h i n g  
a long  t h e i r  hody edge .  U s u a l ly  e a c h  a n i m a l  a c t e d  a s  b o t h  m a l e  and 
f e m a le .  C o p u l a t i o n  t i m e  l a s t e d  o n l y  a few m i n u t e s .  Eggs w e re  l a i d  
by b o th  a n i m a l s .
Egg Mass and E g g s . The egg m a ss e s  a r e  comma-shaped w i t h  a d e f i n i t e  
s t r i n g  o f  egg c a p s u l e s  i n  them. T h e r e  i s  one  egg i n  e a c h  c a p s u l e .
The mass i s  o f  Type D ( H u r s t  1 9 6 7 ) ,  T a b l e  2.  Each mass i s  3 mm lo n g
w i t h  50 -100  e g g s  which a r e  100 t o  180 m i c ro n s  in  d i a m e t e r .  The eggs
a r e  w h i t e ,  w i t h  t h e  mucus and j e l l y  o f  t h e  mass c l e a r .
l a r v a l  D eve lopm en t . Development i s  o f  Type 1 (Thompson 1967)  , T a b l e
3 .  The eggs  d e v e lo p e d  t o  h a t c h e d  v e l i g e r s  i n  4 - 5  d a y s .  Mo a n i m a l s  
underw en t  m e tam orphos is  In  t h e  l a b o r a t o r y .
Remarks. S t i l l g e r  f u s c a t u s  and E r c o l a n i a  y a n e l l u s  c a n  b e  d i s t i n g u i s h e d  
by th e  w h i t e  t i p s  on t h e  c e r a t a  o f  £J, f u s c a t u s  and t h e  a n a l  p a p i l l a  
o f  E. v a n e l l u s . jS. f u s c a t u s  a l s o  h a s  a g roove  on t h e  u n d e r s i d e  o f  
t h e  r h i n o p h o r e s  when p r e s e r v e d .
A l d e r l a  m odesta  (Loven 1044)
( P l a t e  9,  F i g u r e  10)
D i a g n o s i s . A d u l t  o v a l - s h a p e d  w i t h  brown o r  o l i v e  m a r k i n g s ,  6 t o  10 mm 
long  and 1 mm w ide  a t  t h e  w i d e s t  p a r t .  R h in o p h o re s  v e s t i g i a l  and  no 
more th a n  p o i n t e d  f l a p s  o f  t i s s u e  a n t e r i o r  t o  t h e  e y e s .  F o o t  much 
b r o a d e r  t h a n  t h e  body ,  rounded  a n t e r i o r l y  and fo rms  a b ro a d  t i p  
p o s t e r i o r l y .  Eyes  v e r y  n o t i c e a b l e  and l o c a t e d  b e h in d  t h e  " r h i n o p h o r e "  
f l a p s .  C e r a t a  l o c a t e d  i n  rows on e i t h e r  s i d e  o f  t h e  b a c k ,  b e i n g
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s m a l l e s t  In  t h e  a n t e r i o r  r e g i o n  and  growing p r o g r e s s i v e l y  l a r g e r  
p o s t e r i o r l y .  Anal  open ing  on a p a p i l l a  l o c a t e d  d o r s o - m e d i a l l y  i n  
t h e  p o s t e r i o r  one  t h i r d  of  t h e  a n i m a l .  R e p r o d u c t i v e  o p e n i n g s  l o c a t e d  
on t h e  r i g h t  s i d e  be low  " r h i n o p h o r e "  f l a p s .  H e a r t  a b s e n t , c e r a t a  
p e r fo rm  c i r c u l a t o r y  f u n c t i o n  (Evans  1953,  Marcus  1972a) .
O c c u r r e n c e . E i g h t e e n  spec im ens  w e re  c o l l e c t e d  from S t .  J o h n  Creek ,  
Solomons ,  M ary lan d ,  b u t  t h e  s p e c i e s  was c o l l e c t e d  nowhere e l s e  in  
Chesapeake  Bay,  I t  I s  found  on t h e  W es te rn  A t l a n t i c  from Nova S c o t i a  
( B a i l e y  and B le skne y  1967) t o  Mew J e r s e y  (F ra n z  1 970a ) ,  Chesapeake  
Bay and  B r a z i l  (Marcus  1955,  1 9 7 2 a ) .  World d i s t r i b u t i o n  a l s o  i n c l u d e s  
N o r t h e r n  Europe  t o  F ra n c e  ( P r u v o t - F o l  1954} and t h e  c e n t r a l  C a l i f o r n i a  
c o a s t  (Hand and S t e i n b e r g  1 9 5 5 ) .
S e a s o n a l i t y  and F o o d . The a n i m a l s  were  c o l l e c t e d  i n  a low s a l i n i t y  
c r e a k  d u r i n g  t h e  l a s t  p a r t  o f  May. The a n i m a l s  In  t h i s  s t u d y  were 
n o t  o b s e r v e d  f e e d i n g .  They were  fo u n d  w i t h  Z o s t e r a  and R u p p ia  and 
u n i d e n t i f i e d  f i l a m e n t o u s  g r e e n  a l g a e .  C la r k  (1975) r e p o r t s  A. 
m o d e s t a  a s  b e i n g  fo u n d  on t h e  a l g a  V a u c h e r i a .
M a t i n g . L i t t l e  c o u r t s h i p  p r o c e d u r e  i s  o b s e rv e d  p r i o r  to  m a t i n g .
The a n i m a l s  a l i g n e d  s i d e  by s i d e  and  c o p u l a t e d  f o r  s e v e r a l  m i n u t e s .
Egg Masses  and E g g s . Egg m a s s e s  w e re  found w i t h  t h e  a d u l t s ;  which 
mated and p roduced  more egg m a ss e s  i n  t h e  l a b o r a t o r y .  The eggs  a r e  
l a i d  i n  a y e l l o w i s h ,  c y l i n d r i c a l  j e l l y  mass a t t a c h e d  t o  t h e  s u b s t r a t u m  
a t  one  end .  The l a r g e s t  egg mass o b s e r v e d  was 20 mm l o n g .  There  a r e  
1 o r  2 eggs  i n  e a c h  egg c a p s u l e  and  a p p r o x i m a t e l y  700 in  a n  egg mass .  
The c a p s u l e s  t o u c h  and a r e  a r r a n g e d  in  a s p i r a l  w i t h i n  t h e  egg mass .
The eg g s  a r e  100 t o  150 m i c ro n s  i n  d i a m e t e r  and h a t c h  in  a b o u t  7 d a y s .  
L a r v a l  D eve lopm en t . The l a r v a e  a r e  o f  Type 1 (Thompson 1 9 6 7 ) ,  T ab le  3.  
No l a r v a e  w ere  r a i s e d  to  m e ta m o rp h o s i s  i n  t h e  l a b o r a t o r y .
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Order N u d l b r a n c h l a
F a m i ly  D o r id I d a e
D o r i s  v e r ru c o s a  (L in n aeu a  175B)
( P l a t e  lOand 25,  F ig u r e  11)
D i a g n o s i s - A d u l t  front  20 to 60 mm long*  O r a n g e - y e l l o w  o r  g r a y  w i t h  
two d a r k  l o n g i t u d i n a l  s t r i p e s  d o r s a l l y -  E n t i r e  d o r s a l  s u r f a c e  o f  
t h e  m a n t l e  covere d  w i t h  musltroom-ahaped p a p i l l a e  s u p p o r t e d  by s p i c u l e s .  
Body s h a p e  d o r i d i f o r m  (ova l )  w i t h  no l a r g e  p r o j e c t i o n s  o t h e r  t h a n  
r e t r a c t i l e  b r a n c h e a e  a n d  rh in o p h o re s *  A r b o r e s c e n t  h i p i n n a t e  b r a n c h e a e  
15 ,  l o c a t e d  i n  a c i r c l e  around th e  m e d l o - d o r s a l  a n u s ,  R h in o p h o r e s  
p e r f o l i a t e  o v e r  e n t i r e  l e n g th .  P a p i l l a e  on e a c h  s i d e  o f  r h i n o p h o r e  
p i t ,  a s  w e l l  a s  a  row o f  p a p i l l a e  a r o u n d  b r a n c h i a l  p i t ,  a r e  t a x o n o m lc a lL y  
i m p o r t a n t .  M ant le  c o v e r s  e n t i r e  body and f o o t .  C a lc ium  c a r b o n a t e  
s p i c u l e s  p r e s e n t  i n  m a n t l e .  Foot  ro u n d e d  a n t e r i o r l y  and  n a r r o w e r  t h a n  
body.  Eye s p o t s  d e e p - s e t  and n o t  v i s i b l e  i n  t h e  a d u l t s .  G e n i t a l  
o p e n i n g s  l o c a t e d  on t h e  r i g h t  s i d e  be tw een  t h e  m a n t l e  and f o o t .  R adu la  
h a s  6G rows o f  45 t o  60 t e e t h ,  j a w s  a b s e n t .
O c c u r r e n c e , j ).  v e r r u c o s a  was c o l l e c t e d  from t h e  B a y s i d e  o f  t h e  E a s t e r n  
Shore  a t  t h e  mouth o f  C her rys tone  C r e e k .  I t  was a l s o  c o l l e c t e d  on 
b r i c k s  s u s p e n d e d  from th e  VIMS p i e r  a t  G l o u c e s t e r  F o i n t  e a r l y  i n  
J u n e  1972 ,  J5. v e r r u c o s a  has not  been  seen a t  G l o u c e s t e r  P o i n t  s i n c e
T r o p i c a l  S to rm " A g n e s " ,  a l though  i t  h a s  been found  i n  d e e p e r  w a t e r s  
a t  Tue Marsh L i g h t .  More than 20 I), v e r r u c o s a  h a v e  been  found a t  
v a r i o u s  s t a t i o n s  in  t h e  Chesapeake Bay where t h e  a a l i n i t y  i a  p o l y h a l i n e ,  
D. v e r r u c o s a  i s  a l s o  found i n  t h e  W e s te r n  A t l a n t i c  f rom  M a s s a c h u s e t t s  
( J o h n so n  1934,  F ranz  1970b) to  B r a z i l  (Marcus 1 9 7 2 a ) t in  t h e  E a s t e r n  
A t l a n t i c  from Eng land  to  South A f r i c a  ( P r u v o t - F o l  1954)  and i n  t h e  
M e d i t e r r a n e a n  Sea ( I b i d ) .
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S e a s o n a l i t y  and F o o d . T h i a  d o r i d  has  b e e n  f o u n d  in  t h e  C h e s a p e a k e  
Bay front J u n e  t o  J a n u a r y .  I), v e r r u c o s a  was  f o u n d  i n  a s s o c i a t i o n  w i t h  
s e v e r a l  s p e c i e s  o f  s p o n g e s .  I t  has  b e e n  r e p o r t e d  f e e d i n g  on H l c r o c  I o n a  
p r o l l f e r a . H a l l c h o n d r i a  b o w e r b a n k l a  and  H a l j c l o n a  c a n a l i c u l a t a  ( F r a n z  
1 9 6 3 ) .  The a n i m a l s  bur row ed  i n t o  some o f  t h e  s p o n g e s ,  s u c h  a s  M, 
p r o l l f e r a , and  w e r e  c o m p l e t e l y  c o v e r e d .  The n u d i b r a n c h s  c h a n g e  c o l o r  
d e p e n d i n g  on t h e  fo o d  e a t e n .  M, p r o l i f e r a  p r o d u c e s  g r a y  a n i m a l s  a n d  
Jl.  c a n a l l c u l a t a , y e l l o w  a n i m a l s .
H a t i n g . The c o u r t s h i p  and  m a t i n g  p r o c e d u r e  was o b s e r v e d  o n  s e v e r a l  
o c c a s i o n s .  One n u d l b r a n c h  a p p r o a c h e s  a n o t h e r  from b e h i n d  and  t o u c h e s  
t h e  end o f  i t s  m a n t l e .  The  f r o n t  a n i m a l  t h e n  t u r n s  and t h e y  a s s u m e  
t h e  j u x t a p o s e d ,  h e a d - t o - t a i l  m a t i n g  p o s i t i o n .  E a r l y  i n  t h e  s e a s o n ,  
t h e r e  m ig h t  be  a  r i n g  o f  4 a n i m a l s  w i t h  e a c h  a c t i n g  a s  m a l e  o r  f e m a l e  
f o r  d i f f e r e n t  p a r t n e r s .  T h e r e  d o e s  n o t  seem t o  be  a n y  spe rm  t r a n s f e r r e d  
in  t h e s e  " g r o u p "  s i t u a t i o n s .  L a t e r  ( s e v e r a l  d a y s ) ,  t h e  a n i m a l s  p a i r  
and  a c t u a l  sperm t r a n s f e r  t a k e s  p l a c e .  I n  t h e s e  a n i m a l s ,  c o p u l a t i o n  
t a k e s  p l a c e  b e t w e e n  a n i m a l s  3 - 5  turn a p a r t , w i t h  o n l y  o n e  a n i m a l  t r a n s ­
m i t t i n g  and o n e  r e c e i v i n g  s p e r m .  T h e re  i s  an  o b v i o u s  p u l s a t i n g  o f  t h e  
c o p u l a t o r y  o r g a n .  The  e g g s  a r e  l a i d  by t h e  f e r t i l i s e d  a n i m a l .  The  
r o l e s  may be  r e v e r s e d  l a t e r .
Egg Hass  and  E g g s . The e g g s  a r e  l a i d  i n  a  s p i r a l  a r r a n g e m e n t .  The 
egg  mass i s  Type  A ( H u r s t  1 9 6 7 ) ,  T a b l e  2 .  T h i s  i s  a l a t e r a l l y  c o m p r e s s e d  
mass  t h a t  s t a n d s  5 mm up f rom  t h e  s u b s t r a t e .  The a t t a c h e d  e d g e  I s  
a h o r t e r  t h a n  t h e  f r e e  o n e ,  c a u s i n g  t h e  u n a t t a c h e d  e d g e  t o  b e  wavy.
The mass i s  b u f f  when i t  i s  f i r s t  l a i d ,  t u r n i n g  t o  w h i t e  i n  t h e  o l d e r  
m a s s e s ,  and can  c o n t a i n  s e v e r a l  t h o u s a n d  e g g s .  T h e r e  i s  o n e  egg p e r  
c a p s u l e  and t h e  egg c a p s u l e s  do n o t  t o u c h  I n  t h e  m a s s .  The e g g s  c o n t a i n
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very  l i t t l e  y o l k ,  the  a v e r a g e  egg s i z e  i s  75 .11  m ic rons  i n  d i a m e t e r ,  
w i th  t h e  c a p s u l e  d ia m e te r  a v e r a g i n g  116 .55  m ic rons .
L a rv a l  D evelopment. The eggs e x h i b i t  deve lopment Type 1 (Thompson 
1967) (T ab le  3 ) .  They r eac h  t h e  v e l i g e r  s t a g e  3 days  a f t e r  be ing  
l a i d  and h a t c h  a t  5 days a t  25°C and 20 o /oo  s a l i n i t y .  The l a r v a e  
were n o t  r a i s e d  t o  m e tamorphos is .
Remarks. A spec imen  40 ram lo n g ,  and p ro b a b ly  in  i t s  second w i n t e r ,  
was found in  December. C la r k  (1975) s t a t e s  t h a t  D, v e r r u c o s a  h a s  an 
an n u a l  o r  b i a n n u a l  c y c l e .  Most o f  t h e  i n d i v i d u a l s  found in  t h i s  
s tudy  w ere  20 mm o r  l e s s  l o n g ,  b u t  A bbo t t  (1 9 7 4 ) ,  P r u v o t - F o l  (1954) 
and o t h e r s  r e p o r t  specimens up to  50 and 60 mm.
Family  P o l y c e r a t i d a e
P o l y c e r e l l a  en te r ton i  V e r r i l l  1881 
( P l a t e  11,  F ig u re  11)
D i a g n o s i s . A d u l t s  (3 -5  mm) l i m a c i f o r m  w i th  n o n - r e t r a c t i l e  g i l l s  and 
r h i n o p h o r e s .  Animal b ro w n is h -y e l lo w ,  d e e p e s t  in  t h e  g i l l  r e g i o n  and 
s loped  b o t h  a n t e r i o r l y  and p o s t e r i o r l y ,  Rhinophores s o l i d  c y l i n d e r s  
w i th  no p r o j e c t i o n s .  P i n n a t e  g i l l s  3 ,  in  a m e d ia n - d o r s a l  p o s i t i o n  
h a l f  way between head and t a l l .  Knoblike  p r o j e c t i o n s  p r e s e n t  a long 
t h e  p a l l i a l  r i d g e  on e i t h e r  s i d e  o f  t h e  a n im a l ,  e x t e n d in g  from a n t e r i o r  
to  r h in o p h o r e s  to  behind g i l l s .  Foot n a r row ,  l e s s  than  1 /3  w id th  of  
the  body,  w id en ing  a n t e r i o r l y  to  t e n t a c l e s  e x t e n d in g  beyond body.
Eyes l o c a t e d  b e h in d  t h e  r h i n o p h o r e s ;  deep s e t  i n t o  body.
O c c u r r e n c e . More than  50 e m e r to n l  were  c o l l e c t e d  from t h e  s e a s i d e  
o f  V i r g i n i a ' s  E a s t e r n  Shore and from Chesapeake Bay.  I t  a s s o c i a t e s  
w i th  s p o n g e s ,  b ry o z o a n s ,  s h e l l s  and Z o s t e r a . I t  i s  r e p o r t e d  from 
t h e  W es te rn  A t l a n t i c  from New England to  B r a z i l  (F ranz  and C la rk  1972,
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and  Marcus 1 9 7 2 a ) ;  a n d  h a s  a l s o  b e e n  r e p o r t e d  f rom t h e  M e d i t e r r a n e a n  
Sea  (Schm eke l  1965) .
S e a s o n a l i t y  a n d  Food . A d u l t s  o f  P_, e m e r t o n l  w e re  p r e s e n t  i n  S e p t e m b e r -  
J a n u a r y  and i n  A p r i l  a n d  May* As w i t h  many s p e c i e s ,  t h e  a d u l t s  c o l l e c t e d  
w e r e  m a tu r e  a n d  a p p a r e n t l y  i n  t h e i r  spaw n ing  s e a s o n .  F r a n z  ( 1 9 6 8 )  , 
and F ran z  a n d  C la r k  (1972)  r e p o r t e d  P^ . e m e r t o n l  f e e d i n g  on t h e  b r y o z o a n  
B ow erbank la  g r a c i l i s  and  M a rc u s  (19 7 2 a )  , r e p o r t s  l>. e m e r t o n !  f rom  
Miami on t h e  b ry o z o a n  Z o o b o t r l o n  p e l l u c i d u m .
M a t i n g . The c o u r t s h i p  b e h a v i o r  o f  e m e r t o n l  i s  r e l a t i v e l y  s i m p l e .
One a n im a l  a p p r o a c h e s  t h e  o t h e r  f rom b eh in d  and t o u c h e s  t h e  f i r s t  
a n i m a l  w i t h  i t s  r h i n o p h o r e s .  The o t h e r  a n i m a l  t u r n s  a n d  t h e  two c i r c l e  
and a l i g n  t h e m s e l v e s  ’h e a d - t o - t a i l ’ w i t h  t h e i r  g e n i t a l  a p p a r a t u s  
t o g e t h e r .  W h i l e  t h e y  a r e  c i r c l i n g ,  t h e  g e n i t a l i a  b e c a m e  e n l a r g e d  and 
t h e  p e n i s  o f  e a c h  e x t e n d e d .
Egg Masses  a n d  E g g s . The e g g s  a r e  l a i d  i n  an  o b l o n g  j e l l y  bag  o f  
Type D ( H u r s t  1967) ( T a b l e  2 ) ,  The m a s s e s  a r e  r o u n d e d  a t  t h e  a t t a c h e d  
end ,  t a p e r  t o  t h e  u n a t t a c h e d  e n d ,  and r a n g e  f ro m  3 t o  5 mm i n  l e n g t h .
The o v a l  egg  c a p s u l e s  a r e  a r r a n g e d  end t o  end ,  w i t h  a s m a l l  s p a c e  
b e t w e e n  each  c a p s u l e .  T he  c a p s u l e s ,  c o n t a i n i n g  one egg e a c h ,  a r e  
e n c a s e d  in  a j e l l y  s t r i n g  t h a t  s p i r a l s  t h e  l e n g t h  o f  t h e  m a s s .  Eggs  
r a n g e  in  s i z e  f ro m  64 to  97  m i c r o n s  In  d i a m e t e r  and e g g  c a p s u l e s  
r a n g e  from 90 t o  119 m i c r o n s  i n  l e n g t h .  C le a v a g e  i n  s y n c h r o n o u s  i n  
t h e  egg m a s s ■
L a r v a l  D e v e lo p m e n t . The  l a r v a e  h a t c h  i n  5-9 d a y s  a t  16°C ,  p o s s e s s i n g  
u n i n f l a t e d  s h e i l a  v i t h  few m a r k i n g s .  D evelopm ent i s  T ype  1 (Thompson 
1 9 6 7 ) ,  T a b l e  3 .  T ie  a n i m a l s  f e e d  o n  p l a n k t o n  w h i l e  f  ree~Bvim i i i ing .
One v e l i g e r  was o b s e r v e d  w i t h  an  e l o n g a t e  d i a to m  a l m o s t  a s  l o n g  a s  i t s
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body.  The end o f  t h e  d ia tom  i n  t h e  g u t  was o b s e r v e d  to  be worn  o f f  
o ve r  a p e r i o d  o f  s e v e r a l  d a y s .  The l a r v a  seemed to  be u t i l i z i n g  t h e  
c o n t e n t s  o f  the  d ia to m  a s  w e l l  a s  w e a r in g  down t h e  o u t e r  w a l l *  None 
o f  t h e  p_. e m e r to n l  l a r v a e  underw en t  m e tam orphos is  i n  t h e  l a b o r a t o r y .  
Remarks. _F, e m e r to n l  was r e c e n t l y  combined w i t h  J>. d a v e n p o r t  1 Balch
1899,  by Franz and C la r k  (1972) t and w i t h  P^ . oonyna Marcus 1957,  by 
Marcus (1 9 7 6 ) .  P^ . r e c o n d i t a  Schmekel  1965,  from N a p le s  was p roposed
t o  be t h e  same as  e m e r to n l  by Franz  and C l a r k  ( 1 9 7 2 ) ,  and c o n f i rm e d  
by Marcus (197G).
Family  O nch ido r id  Idae
A c a n t h o d a r l s  p i l o s a  ( A b i lg a a r d  1789)
( P l a t e  1 0 and 12, F ig u r e  11)
D i a g n o s i s . A du l ts  7-25 mm i n  l e n g t h .  G e n e r a l l y  y e l l o w i s h  brown w i t h
a l i g h t e r - c o l o r e d  f o o t ,  o c c a s i o n a l l y  d a r k  brown o r  a l m o s t  b l a c k .
Rhinophores  and g i l l s  r e t r a c t i l e  i n t o  p i t s .  R h in o p h o re s  a n g l e d  
p o s t e r i o r l y  w i th  a b o u t  15 p e r f o l i a t l o n s  on t h e  d i s t a l  o n e - t h i r d .
G i l l s  7,  b i p i n n a t e ,  l o c a t e d  i n  a median d o r s a l  p o s i t i o n  s u r r o u n d i n g  
t h e  a n a l  and  r e n a l  o p e n i n g s .  Mantle c o v e r s  t h e  body and p o s s e s s e s  
c o n i c a l - s h a p e d  p a p i l l a e  o v e r  t h e  e n t i r e  d o r s a l  s u r f a c e ,  F oo t  w i d e r  
t h a n  the  body,  e x t e n d in g  from b e n e a th  m a n t l e  p o s t e r i o r l y ,  Eye s p o t s  
deep w i t h i n  an im a l ,  n o t  v i s i b l e .  G e n i t a l  o p e n i n g s  l o c a t e d  on r i g h t
s i d e  be tween  m a n t le  and f o o t .
O c c u r r e n c e . In t h i s  s t u d y ,  6 A. p i l o s a  were  c o l l e c t e d  from t h e  s e a s i d e  
o f  t h e  E a s t e r n  S ho re  and from C h e r r y s t o n e  C reek  i n  t h e  b a y s i d e .  
D i s t r i b u t i o n  on t h e  Weste rn  A t l a n t i c  i s  L a b ra d o r  (F ra n z  1970) sou thw ard  
to  t h e  Chesapeake Bay— t h e s e  c o l l e c t i o n s  e s t a b l i s h  t h e  s o u t h e r n  l i m i t  
in  t h e  W es te rn  A t l a n t i c .  I t  a l s o  o c c u r s  a c r o s s  t h e  n o r t h e r n  A t l a n t i c ,
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s o u th  t o  t h e  M e d i t e r r a n e a n  Sea ( P r u v o t - F o l  1 9 5 4 ) ,  and i n  N o r t h e r n  
J ap an  (Baba 1 9 3 7 b )*
S e a s o n a l i t y  and Food . A d u l t s  a n d  egg m asses  w e r e  p r e s e n t  i n  A p r i l  
and May on  b o t h  s i d e s  o f  t h e  E a s t e r n  S h o r e .  A. p i l o s a  I s  found  on 
s h e l l s  I n  a s s o c i a t i o n  w i t h  b r y o z o a n s ,  s p o n g e s ,  e t c . ,  and  f e e d s  on a 
v a r i e t y  o f  e c t o p r o c t s .  Morse ( I 9 6 0 )  r e p o r t s  i t  f e e d i n g  on  F l u s t r e l l i d r a  
h i s p i d a  i n  New England w a t e r s .  O t h e r  a u t h o r s  h a v e  found  I t  f e e d i n g  on 
s e v e r a l  s p e c i e s  o f  A lcy o n ld iu m  ( M i l l e r  19G1, Graham 1955,  Thompson 1964 
and  o t h e r s ) . In  t h i s  s t u d y  A^ p i l o s a  was found i n  a s s o c i a t i o n  w i t h ,  
and  f e e d i n g  on, E l e c t r a  c r u a t u l e n t a .
M a t i n g . p i l o s a  shows c o u r t s h i p  b e h a v i o r  s i m i l a r  to  o t h e r  d o r i d s .
The a n i m a l s  c i r c l e  e a c h  o t h e r  w i t h  t h e  m a n t l e  r a i s e d ,  t o u c h i n g  and 
w i t h d r a w i n g .  A f t e r  s e v e r a l  m i n u t e s  th e y  a l i g n  J u x t a p o s e d ,  h e a d - t o - t a l l  
w i t h  t h e i r  g e n i t a l  o r g a n s  t o g e t h e r .  They r em a in  i n  c o i t u s  f o r  o v e r  
2 - 1 / 2  h o u r s .  There  seems t o  b e  a  r e c i p r o c a l  t r a n s f e r  o f  sperm a s  
eac h  a n im a l  l a y s  e ggs  a f t e r  m a t i n g .  In  t h e  a b o v e  c a s e ,  t h e  egg masses  
w ere  l a i d  4 days a f t e r  c o p u l a t i o n .
Egg Masses  and Ejjga. The egg m a s s e s  a r e  Type  A (H u rs t  1 9 6 7 ) ,  T a b l e  2,  
w i t h  t h e  f r e e  edge t h e  same l e n g t h  o r  s l i g h t l y  l a r g e r  t h a n  t h e  a t t a c h e d  
e d g e .  Some masses a p p e a r  smooth and  o t h e r s  r u f f l e d .  The m a s s e s  a r e  
g e n e r a l l y  c o u n t e r c l o c k w i s e  s p i r a l s  and aTe g r e y i s h  w h i t e  In  c o l o r ,  
a v e r a g i n g  3 mm h i g h  and  f rom  10 t o  60 mm o r  more  when u n r o l l e d .  The 
egg c a p s u l e s  r a r e l y  t o u c h  and  a r e  i n  v a r i o u s  s i z e s  a v e r a g i n g  104 
m ic ro n s  l o n g  and 155 m i c r o n s  w i d e .  The eggs  a r e  64-76  m i c r o n s  i n  
d i a m e t e r  ( M i l l e r  1958) and  t h e r e  a r e  from 2 0 ,0 0 0  t o  1 6 3 , 0 0 0  e ggs  i n  
an  egg m a ss .  These c o u n t s  a g r e e  w i t h  t h e  f i n d i n g s  o f  M i l l e r  ( 1 9 5 8 ) ,
Thompson (1967) and  R og ln s k y ay a  ( 1 9 6 1 ) .  The eg g s  h a t c h  i n  5 -1 0  d a y s .
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L a r v a l  Development. The l a r v a e  l iave Type 1 deve lopm en t  (Thompson 
1967) (Tab le  3) f e e d i n g  i n  t h e  p l a n k t o n  and swimming f o r  s e v e r a l  weeks .
Wo l a r v a e  were obse rved  t o  undergo  m e ta m o rp h o s i s  i n  t h e  l a b o r a t o r y  - 
Remarks. One an imal from 16 o/oo s a l i n i t y  ( C h e r r y s t o n e  Creek) was 
p la c e d  i n  wate r  of  21 o /oo  s a l i n i t y  w i t h  an an im al  c o l l e c t e d  from 31 o /oo  
w a t e r  ( b e h in d  Cedar I s l a n d ) . W i t h i n  s e v e r a l  m i n u t e s  t h e  an im a ls  w e re  
m a t in g .  The sudden change  in  s a l i n i t y  seemed to  h a v e  no e f f e c t  on them. 
During a 2-week p e r i o d ,  t h e r e  were  g r e a t  n a t u r a l  f l u c t u a t i o n s  in 
s a l i n i t y  due  to a l a r g e  amount of  r a i n .  I n  one 8 - h o u r  p e r io d  a t  t h e  
U achapreague  l a b o r a t o r y ,  t h e  s a l i n i t y  r a n g e d  from 12 o /oo t o  31 o / o o .
None of  t h e  nud lb ranchs  i n  f lo w in g  w a t e r  seemed t o  be a f f e c t e d  by t h i s  
v a r i a t i o n  i n  s a l i n i t y .
A can thodor i s  p i l o s a  ia  an  a m p h l - A t l a n t i c  m id ib r a n c h  found 
o v e r  t h e  e n t i r e  c o a s t  o f  Europe (Thompson 1961,  Swennen 1961) .  On t h e  
Weste rn  A t l a n t i c  t h e  s p e c i e s  l a  common i n  New Eng land .  Marcus (1 961)  
r e p o r t e d  2 specimens from Ocean C i t y ,  M ary land .  F r a n r  (1968) q u o te s  
Marcus (1961) and s t a t e s  t h a t  t h e s e  a n i m a l s  a r e  n o t  found i n  New J e r s e y .  
I n  a l a t e r  paper,  F r a n r  (1970a) e x t e n d s  t h e  d i s t r i b u t i o n  o f  A. p i l o s a  
to  " M a r y l a n d - V i r g i n i a " . Wass (1972) r e p o r t s  A. p i l o s a  from th e  
Chesapeake Bay, b u t  t h e  a n i m a l s  i n  h i s  c o l l e c t i o n  l a b e l e d  A. p i l o s a  
a r e  in  r e a l i t y  Dor is  v e r r u c o s a . I n  t h i s  p a p e r ,  spec imens  o f  A., p i l o s a  
were found in C h e r ry s to n e  Creek ( b a y s i d e )  and in  t h e  s e a s i d e  lagoon  
beh ind  Cedar  I s l a n d .  These a r e  t h e  f i r s t  v e r i f i e d  spec imens  of A. 
p i l o s a  s o u t h  of Ocean C i t y ,  Mary land  and  e x t e n d  t h e  ra n g e  to  i n c l u d e  
n o t  on ly  V i r g i n i a ’s E a s t e r n  Shore  b u t  t h e  l o w e r  Chesapeake Bay as 
w e l l ,  A. p l l o e a  i s  s i m i l a r  to  P o r i s  v e r r u c o a a  b u t  can  be d i s t i n g u i s h e d  
by c o n i c a l  p a p i l l a e  i n s t e a d  o f  t h e  mushroom p a p i l l a e  of  V,  v e r r u c o s a .
Also  t h e  p o s t e r i o r  a n g l e  of  t h e  r h i n o p h o r e s  and t h e  n o t i c e a b l e  f o o t  
a r e  d i s t i n c t i v e  In  A. p i l o s a .
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F am i ly  G o n l o d o r i d l d s e
0 k e n l a  c u p e l l a  (V oge l  and S c h u l t z  1970)
( P l a t e s  13  and  2 St F ig u r e  12)
D i a g n o s i s . A d u l t s  2 -5  mm long  a n d  l a t e r a l l y  c o m p re s s e d  * T r a n s l u c e n t ,  
w i t h  w h i t i s h  s p o t s  ( g l a n d  c e l l s )  a n d  brown o r  b l a c k  s p o t s  o n  I t s  dorsum  
and r h i n o p h o r e s *  R h in o p h o r e s  p o s s e s s  3 o r  m ore  c u p - s h a p e d  l e a v e s ,  w h i c h  
v a r y  i n  number d e p e n d i n g  on th e  s i z e  and a g e  o f  t h e  a n i m a l .  O r a l  
t e n t a c l e s  l a c k i n g .  P a p i l l a e  in  a row on e a c h  a i d e  a l o n g  p a l l i a l  r i d g e ,  
w i t h  f i r s t  p a p i l l a  a n t e r i o r  t o  r h i n o p h o r e s  and  e x t e n d i n g  to  b i f u r c a t e  
p a i r  j u s t  p o s t e r i o r  t o  t h e  g i l l s .  M an t l e  p r e s e n t  a s  a  p a l l l a l  v e i l  
t h a t  fo rm s  webbing b e t w e e n  p a p i l l a e .  A. s i n g l e  c l u b - s h a p e d  p a p i l l a  I n  
a m ed ian  d o r s a l  p o s i t i o n  o c c u r s  j u a t  a n t e r i o r  t o  t h e  f o u r  p i n n a t e  
b r a n c h i a l  p lum es .  P a p i l l a e  and r h i n o p h o r e s  s u p p o r t e d  by c a l c i u m  
c a r b o n a t e  s p i c u l e s  p ro d u c e d  by t h e  a n i m a l .  S p i c u l e s  a l s o  f o r m  a  
ne tw o rk  o v e r  whole b o d y ,  f o o t  and t a l l .  Body d e e p e s t  In  t h e  c a r d i a c  
r e g i o n .  Eye s p o t s  s e t  d e e p l y  i n  body  and m os t  v i s i b l e  from s i d e  o f  
a n i m a l .  Foo t  n o t  a s  w i d e  a s  body b u t  t a i l  becomes  a s  b ro a d  a s  body 
and c a p e r s  d i s t a l l y .  R ad u la  composed of  10 rows o f  4 t e e t h ,  e a c h  
w i t h  a d e n t a l  fo rm u la  o f  1—1 - 0 - 1 - 1 .  T e e t h  a n g l e  p o s t e r i o r l y  a n d  
i n n e r  e d g e  o f  i n n e r  l a t e r a l  t e e t h  p o s s e s s e s  9 d e n t i c l e s .  M ore  t h a n  
50 a n i m a l s  were  c o l l e c t e d  and  o b s e r v e d  i n  t h i s  s t u d y .  The o b s e r v a t i o n s  
a g r e e  w i t h  t h o s e  of  V o g e l  and  S c h u l t z  ( 1 9 7 0 ) ,
O c c u r r e n c e . Okenia c u p e l l a  was c o l l e c t e d  from t h e  Y ork  R i v e r  (V oge l  
and S c h u l t z  1 970) ,  t h e  Chesapeake  Bay a t  C h e r r y s t o n e  C r e e k  a n d  from 
Wachapreague  Channel  on t h e  s e a s i d e  o f  V i r g i n i a ' s  E a s t e r n  S h o r e ,
S e a s o n a l i t y  and F ood . A n im a ls  f r e q u e n t l y  came t h r o u g h  t h e  s e a  w a t e r  
i n t a k e  i n  t h e  l a b o r a t o r y  a t  Wachapreague  d u r i n g  t h e  w i n t e r  m o n t h s .
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A nim a ls  were  c o l l e c t e d  from O c to b e r  t o  March I n  s a l i n i t i e s  o f  20 o / o o  
t o  30 o / o o .  They spawned d u r i n g  t h e  e n t i r e  c o l l e c t i o n  t im e  a n d  a p p e a r e d  
t o  f e e d  on e n c r u s t i n g  b ry o z o a n s  found on  s h e i l a .
M a t i n g ■ The a n im a ls  a l i g n e d  i n  j u x t a p o s i t i o n  and c o p u l a t e d  w i t h o u t  
e x t e n d e d  p r e l i m i n a r y  t o u c h i n g .
Egg Masses  and Eggs . Eggs a r e  l a i d  i n  a n  o v a l  c y l i n d e r  a t t a c h e d  t o  
t h e  s u b s t r a t u m  by one s i d e .  The egg mass  I s  o f  Type D {Hurs t  1967)
(T a b le  2 ) .  T h e re  a r e  a p p r o x i m a t e l y  4 0 - 5 0  eggs  i n  t h e  1 mm long  m a ss .
The c a p s u l e s  a r e  a r r a n g e d  randomly  i n  t h e  egg mess and  do n o t  t o u c h  
eac h  o t h e r .  One egg I s  i n  eac h  c a p s u l e  and m e a su re  130 m ic ro n s  In  
d i a m e t e r .  Eggs d e v e l o p  t o  h a t c h i n g  i n  5 d a y s  a t  16°C.
L a r v a l  D eve lopm en t . Development i s  o f  Type 1 (Thompson 1967) (T a b l e  3 )
The l a r v a e  have  a w e l l  d e v e lo p e d  d i g e s t i v e  s y s t e m  and a lm os t  c o m p l e t e l y  
f i l l  t h e  s h e l l .  The velum and f o o t  a r e  b o th  r e l a t i v e l y  s m a l l .  A f t e r  
h a t c h i n g ,  t h e  l a r v a e  swam f o r  s e v e r a l  d ay s  b u t  no i n d i v i d u a l s  u n d e rw e n t  
m e ta m o rp h o s i s  i n  t h e  l a b o r a t o r y .
F am i ly  Corambidae
D o r l d e l l a  o b s c u r a  V e r r i l l  1870 
( P l a t e  12,  F i g u r e  13)
D i a g n o s i s . A d u l t s  s m a l l  (4 mm t o  15 mm) ro u n d  o r  o v a l ,  w i th  no d o r s a l  
p r o j e c t i o n s  e x c e p t  r e t r a c t i l e  r h i n o p h o r e s .  R h in o p h o re s  grooved  
l o n g i t u d i n a l l y .  Notum (m a n t l e )  smooth ,  c o v e r i n g  e n t i r e  body and  f o o t .  
M e lan o p h o re s  p r e s e n t  i n  m a n t l e ,  g i v i n g  a n i m a l  a s p o t t e d  a p p e a r a n c e .
C o l o r s  v a r y  from c l e a r  c ream,  w i t h  i n t e r n a l  s t r u c t u r e s  c l e a r l y  v i s i b l e ,  
to  g r a y ,  brown and f i n a l l y  b l a c k ,  w i t h  no i n t e r n a l  s t r u c t u r e s  v i s i b l e .
Edge o f  notum o c c a s i o n a l l y  w i t h  s l i g h t  d e p r e s s i o n  in  t h e  p o s t e r i o r  
r e g i o n .  Foo t  o v a l  and n o tc h e d  i n  b o t h  f r o n t  and back ,  A p a i r  of
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c e p h a l i c  t e n t a c l e s  v i s i b l e  v e n t r a l l y .  B r a n c h i a e  4 p l a t e s  l o c a t e d  
p o s t e r i o r l y  be tw een  f o o t  and m a n t l e .  R e p r o d u c t i v e  o p e n i n g s  l o c a t e d  
on r i g h t  s i d e  b e h in d  head and be tw een  m a n t l e  and f o o t .  D e n t a l  fo rm ula  
5 7 x 6 - 1 - 0 - 1 - 6 ,  Jaws l a c k i n g .
O c c u r r e n c e . T h es e  an im als  a r e  u b i q u i t o u s  i n  t h e  s tudy  a r e a  In  
s a l i n i t i e s  above  9 o / o c .  Wass (1972) s t a t e s  t h a t  I), o b s c u r a  I s  th e  
m os t  a b u n d a n t  n u d ib r a n c h  i n  t h e  Chesapeake  Bay.  D i s t r i b u t i o n  i s  from 
n o r t h e r n  New Eng land  t o  F l o r i d a  and L o u i s i a n a  (Marcus 1 9 7 2 a ) . Specimens 
w e re  c o l l e c t e d  f rom  s h e l l s ,  E o s t e r a  m a r ina  and A lcyonid lum v e r r i l l i . 
S e a s o n a l i t y  and F ood . J). o b s c u r a  i s  p r e s e n t  and spawns a l l  y e a r  in th e  
s t u d y  a r e a .  L a r g e s t  an im als  a r e  c o l l e c t e d  in  J a n u a ry  and  F e b r u a r y .
D. o b s c u r a  f e e d s  on A c a n th o d e s l a  t e n u i s . E l e c t r a  c r u a t u l e n t a . Membraninora 
s p .  and  A lcyon id lum  v e r r i l l i  ( F r a n z  1967* Cory 1968).  I t  shows p r e f e r e n c e  
f o r  t h e  food on which  i t  l a  c o l l e c t e d .  I n  t h e  w i n t e r  m o n t h s ,  A. 
v e r r i l l i  seems to dominate  t h e  food  s u p p l y  (Vogel  u n p u b l i s h e d  m s . ) .
D u r i n g  f e e d i n g ,  t h e  n u d ib r a n c h  p u t s  i t s  l i p s  o v e r  t h e  o p e n i n g  o f  th e  
zoo i d  and s u c k s  o u t  t h e  s o f t  p a r t s  of  t h e  b ry o z o a n  u s i n g  t h e  b u c c a l  
pump. The r a d u l a  i s  ex t ruded  and i s  used  f o r  r a s p i n g  t h e  s o f t  p a r t s  
from t h e  z o o l d .  The  backward s t r o k e  of  t h e  r a d u l a  seems t o  be  t h e  most 
i m p o r t a n t  o n e  (McBeth 1968).
M a t i n g .  I), o b s c u r a  has no s p e c i f i c  c o u r t s h i p  p r o c e d u r e .  Two a n im a ls  
l i f t  up th e  edge  o f  t h e i r  m a n t l e s ,  come t o g e t h e r  and c o p u l a t e .  There  
seems t o  be r e c i p r o c a l  t r a n s f e r  o f  sperm a s  b o th  an im a ls  l a y  eggs  
a f t e r  c o p u l a t i o n .
Eft a Masses  and  E g g s . Egg m a s s e s ,  d e s c r i b e d  by F ranz  ( 1 9 6 7 ) ,  a r e  f l a t ,  
w h i t e  s p i r a l  o f  Type B (H u r s t  1 9 6 7 ) (Tab le  2 ) .  The mass I s  l a i d  i n  a 
c o u n t e r c l o c k w i s e  s p i r a l  s t a r t i n g  from t h e  o u t s i d e .  O c c a s i o n a l l y  t h e r e
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i s  a ’p i l e  up* o f  eggs I n  t h e  c e n t e r  a f t e r  t h e  s p i r a l  i s  c o m p le t e .
The eggs a r e  n o t  in  a s t r i n g  i n s i d e  o f  the  m a ss ,  however,  o c c a s i o n a l l y  
s t r i k i n g  g e o m e t r i c  d e s i g n s  o c c u r .  T h e r e  i s  a ran g e  o f  108 t o  2870 
eggs in  t h e  m asses  co u n te d ,  w i th  one egg in e a c h  egg c a p s u l e .  The 
w id th  o f  a s i n g l e  s t r a n d  av e ra g e s  1 mm and when th e  e n t i r e  mass i s  
u n c o i l e d  and ex tended ,  i t  measured 4 - 2 5  mm i n  l e n g t h .
L a r v a l  D eve lopm ent . The eggs  r each  t r o c h o p h o r e  s t a g e  in  48 h ou r s  and 
a r e  v e l i g e r s  w i th  s h e l l s  in  3 days ,  V e l i g e r s  h a t c h  i n  3-5 d ay s  depending  
on th e  t e m p e r a t u r e .  The v e l i g e r s  a r e  o f  Type 1 (Thompson 1967) (Tab le  3) 
which  i n d i c a t e s  the  l a r v a e  feed in  t h e  p l a n k t o n .  Ho l a r v a e  w ere  r a i s e d  
t o  m e tam orphos is  In t h e  l a b o r a t o r y .  S u c c e s s f u l  r e a r i n g  o f  I), o b s c u ra  
th ro u g h  one  com ple te  g e n e r a t i o n  was per fo rm ed  by P e r r o n  and T u rn e r  
(1977) .  They r e p o r t e d  an egg to  egg g e n e r a t i o n  t ime o f  26 d ay s  a t  
25ftC.
Remarks. On two d i f f e r e n t  o c c a s i o n s ,  spec im ens  o f  I), o b a c u r a  appea red  
t o  have a u t o to m i z e d  th e  edge of the  m a n t l e .  I n  t h e s e  s pec im ens  th e  
head ,  body,  g i l l s  and f o o t  were v i s i b l e .  The r h i n o p h o r e s  were  s t i l l  
encompassed by th e  m a n t l e .  They resembled  C r e p i d u l a . w i th  t h e  s h e l l  
c o v e r i n g  o n ly  a sm al l  p o r t i o n  o f  the  ex tended  body.  Cases o f  n u d ib ra n c h s  
w i t h  a u to to m lz e d  m a n t l e s  have been r e p o r t e d  (Hyman 1967) ,  A p p a r e n t l y  
t h i s  phenomenon o c c u r s  d u r i n g  s t r e s s  o f  m a n i p u l a t i o n .  O th e r  o p i s t h o -  
b ranchs  w e re  r e p o r t e d  a s  au to to tn iz ing  and th e n  regrow ing  t h e  p o s t e r i o r  
s e c t i o n s  (P a ro n a  1B91, 1894;  Cucagna and Nusbaum 1915,  Hyman 1967 and 
o t h e r s ) , b u t  t h e  obse rved  J). obscu ra  d i d  not  r e g e n e r a t e .  A l l  t h e  
a u to to m iz e d  a n im a ls  d ied  s h o r t l y  a f t e r  be ing b ro u g h t  i n t o  t h e  l a b o r a t o r y .
There  were many I), o b s c u r a  c o l l e c t e d  t h a t  rem a ined  i n t a c t  and  only  two 
o c c a s i o n s  i n  which they  d id  n o t .  A l l  samples  were  t r e a t e d  e s s e n t i a l l y
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t h e  same.  No e x p l a n a t i o n  f o r  t h e s e  ' d i f f e r e n t 1 a n i m a l s  was s u g g e s t e d .  
IK o b s c u r a  was t h e  o n l y  a n im a l  s t u d i e d  t h a t  a u t o t o m l z e d  I t s  m a n t l e ,  
a l t h o u g h  s e v e r a l  o f  t h e  a n i m a l s  w i t h  c e r a t a  a u t o t o m l z e d  t h e i r  c e r a t a  
when s t r e s s e d  o r  when they  w ere  p r e s e r v e d  w i t h o u t  b e i n g  r e l a x e d ,  D. 
o b s c u r a  was a l s o  t h e  on ly  s p e c i e s  o b s e rv e d  t h a t  p e r i o d i c a l l y  s lo u g h e d  
o f f  t h e  m a n t l e  e p i d e r m i s ,  a c o l o r l e s s  s h e e t  o f  c e l l s  w h ic h  I s  e n t i r e  
e x c e p t  f o r  h o l e s  f o r  t h e  r h i n o p h o r e s .  Th i s  s h e d d in g  d o cs  n o t  seem 
t o  be r e l a t e d  t o  s t r e s s  bu t  I s  p o s s i b l y  r e l a t e d  t o  g ro w th  o f  t h e s e  
c r e a t u r e s .
Fami ly  D e n d r o d o r i d i d a e
D o r l o p s i l l a  p h a r p a  Marcus 1961 
( P l a t e s  14,  21, 22,  23, 24, F i g u r e  13)
D i a g n o s i s . A d u l t s  y e l lo w  t o  y e l l o w - o r a n g e ,  w i t h  brown s p o t s  on 
m a n t l e .  Body o v a l  i n  s h a p e ,  m a n t l e  c o m p l e t e l y  c o v e r i n g  f o o t .  Four 
r e t r a c t i l e  b i p i n n a t e  g i l l s  s u r r o u n d  a n u s .  R h in o p h o re s  p e r f o l i a t e  
a n d  r e t r a c t i l e .  S p i c u l e s  n o t i c e a b l e  on m a n t l e  e s p e c i a l l y  a round  t h e  
e d g e .  F o o t  b r o a d  and rounded p o s t e r i o r l y .  Mouth s m a l l  w i t h  a s h o r t  
t e n t a c l e  on e i t h e r  a i d e .  L a r g e s t  an im a l  2 2 . 5  mm i n  l e n g t h .  No Jaws 
o r  r a d u l a  p r e s e n t .  R e p r o d u c t i v e  o p e n i n g s  l o c a t e d  on  a n t e r i o r  o n e - t h i r d  
o f  r i g h t  s i d e  be tw een  m a n t l e  and f o o t .  P e n i s  e v e r s l b l e  and armed w i t h  
hooks  (Marcus 1 9 6 1 ) .
O c c u r r e n c e , I), pha rpa  o c c u r s  on t h e  s e a s i d e  o f  t h e  E a s t e r n  S ho re  o f
V i r g i n i a  b e h i n d  C edar  I s l a n d ,  i n  t h e  s e a s i d e  l a g o o n s  and i n  t h e  l o w e r
C h es ap ea k e  Bay.  D i s t r i b u t i o n  i s  from S a p e l o  I s l a n d ,  G e o r g i a  to
C h es ap ea k e  Bay (Marcus 1972a) and s o u t h e r n  Cape Cod (Morse 1974) .
The a n i m a l s  w e r e  found on h a rd  b o t t o m s ,  on s h e l l s  t h a t  c o n t a i n  C l i o n a  
c e l a t a  G r a n t ,  t h e  b o r i n g  sp o n g e ,  and o c c a s i o n a l l y  i n  p i e c e s  o f  f r e e -
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l i v i n g  (i. c e l a t a . I t  was a l s o  found  in  o y s t e r  s h e l l s  t h a t  w e re  on 
i n t e r t i d a l  r o c k s ,  b u t  a lw ays  on t h e  under s id e  o f  t h e  exposed s h e l l s .
None u a s  f o u n d  c o m p l e t e l y  d e s i c c a t e d .
S e a s o n a l i t y  and F o o d . The a d u l t s  a r e  abundant  a n d  l a r g e  enough t o  be 
s e e n  e a s i l y  f rom  S e p te m b e r  t o  J u n e  o r  J u ly .  Young o f  t h e  n e x t  g e n e r a t i o n  
a r e  p r e s e n t  b u t  v e r y  d i f f i c u l t  t o  s ee  in  J u ly  a n d  A ugus t .  More t h a n  
50 a d u l t s  a n d  many J u v e n i l e s  w ere  c o l l e c t e d  in  t h i s  s tu d y .  D. pha rpa  
f e e d s  on t h e  b o r i n g  sponge  C^. c e l a t a . I t  f eeds  by suck ing  t h e  sponge  
s o f t  p a r t s  i n t o  i t s  mouth  w i t h  i t s  bucca l  pump. Any s p i c u l e a  I n g e s t e d  
a r e  p a s s e d  t h r o u g h  t h e  d i g e s t i v e  t r a c t  and no t  u t i l i z e d  by t h e  a n i m a l .
M a t i n g . D_. p h a r p a  h a s  a s p e c i f i c  ty p e  of  c o u r t s h i p  and mating  b e h a v i o r ,  
a s  do most  n u d i b r a n c h s .  Two a n i m a l s  crawl c l o s e  t o  each  o t h e r  to u c h in g  
t h e i r  m a n t l e s .  Each t o u c h  c a u s e s  r e t r a c t i n g  o f  t h e  g i l l s  and r h in o p h o r e s *
T h i s  c i r c l i n g  may t a k e  s e v e r a l  m i n u te s .  C o p u l a t i o n  o ccu r s  when t h e  p a i r  
a l i g n  j u x t a p o s e d  and J o i n  t h e i r  g e n i t a l  o p e n in g s .  The m a n t l e  i s  l i f t e d  
t o  a l l o w  p e n e t r a t i o n  by t h e  o t h e r  an imal.  A s i m u l t a n e o u s  t r a n s f e r  of  
sperm o c c u r s .  C o p u l a t i o n  l a s t s  approx im ate ly  10 m in u te s  bu t  c a n  be  
l o n g e r  d e p e n d i n g  on t h e  i n d i v i d u a l s .  Egg l a y i n g  does  n o t  o c c u r  
i m m e d i a t e l y  a f t e r  c o p u l a t i o n .  The i n t e r v a l  may be  s e v e r a l  h o u r s  o r  
s e v e r a l  d a y s ,  w h ich  i n d i c a t e s  t h a t  t h e  sperm i s  v i a b l e  a f t e r  b e i n g  
s t o r e d  f o r  v a r i o u s  p e r i o d s  o f  t i m e .  In  summer, t h e  a d u l t s  w i l l  
o c c a s i o n a l l y  l a y  e g g s  when b r o u g h t  i n t o  the l a b o r a t o r y .
Egg Mass and  E g g s . The egg mass i s  a c y l i n d r i c a l  c lo ck w ise  s p i r a l  
f a s t e n e d  t o  t h e  s u b s t r a t u m  a l o n g  one a i d e  {Type B, H u rs t  1967) {Table
2 ) .  A l a t e r a l  v iew  shows a s p i r a l  cone-shaped s t r u c t u r e  w i t h  t h e  p o i n t  
i n  t h e  c e n t e r  r e s e m b l i n g  a t r a d i t i o n a l  Chinese " c o o l i e "  h a t .  The  
e g g s  a r e  d a r k  y e l l o w  when l a i d  and become l i g h t e r  y e l lo w  a f t e r  a  f e u
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h o u r a .  The  mass  i s  l a i d  f rom  t h e  c e n t e r  o f  t h e  s p i r a l  t o  t h e  o u t s i d e .  
T h e r e  i s  u s u a l l y  o n e  a n d  r a r e l y  two eggs  p e r  c a p s u l e .  The  egg c a p s u l e  
w a l l s  a r e  sm o o th  and f r e q u e n t l y  t o u c h i n g .  The eggs  a r e  190-234 m i c r o n s  
i n  d i a m e t e r ;  t h e  egg c a p s u l e s  290-450 m i c r o n s .  An egg mass  a v e r a g e s  
500 e g g s ,  b u t  can be  a s  low a s  1 0 0  In  e a r l y  and v e r y  l a t e  egg m a s s e s .  
L a r v a l  D e v e lo p m e n t . The o v e r a l l  view o f  D. p h a rp a  deve lopm en t  i a  
d e s c r i b e d  a s  d i r e c t  o r  a r r e s t e d  deve lopm en t  (K a ren s ,  p e r s o n a l  com­
m u n i c a t i o n )  , Morse (1971 )  s u g g e s t e d  t h i s  t y p e  o f  deve lopm en t  be 
c a l l e d  d e v e l o p m e n t  Typo 3 a f t e r  Thompson (1 9 6 7 ) ,  ( T a b l e  2) i n d i c a t i n g  
t h e  a n im a l  c r a w l s  d i r e c t l y  f rom  th e  egg mass as  a J u v e n i l e  t o  b e g i n  
b e n t h i c  l i f e .  The embryo w i t h i n  t h e  egg c a p s u l e  r e c a p i t u l a t e s  a l l  
t h e  s t a g e s  o f  d e v e l o p m e n t  i n c l u d i n g  a s h e l l e d  v e l i g e r  b e f o r e  i t  
ad v a n c e s  beyond  t h a t  s t a g e  a n d  h a t c h e s  a s  a j u v e n i l e  t h a t  h a s  c a s t  
o f f  i t s  s h e l l  and u n d e r g o n e  m e t a m o r p h o s i s .
The b l a s t u l a  s t a g e  i s  r e a c h e d  i n  2 days  (T a b le  7) . F o u r  
days  a r e  n e e d e d  from t h e  b l a s t u l a  s t a g e  t o  t h e  t r o c h o p h o r e  s t a g e ,  a n d  
8 d a y s  from t h e  t im e  t h e  e g g s  a r e  l a i d ,  f o r  t h e  a p p e a r a n c e  o f  t h e  
s h e l l e d  v e l i g e r .  Eye s p o t s  a r e  e v i d e n t  a t  t h i s  t i m e .  The  f o o t  i s  
q u i t e  e n l a r g e d  and i s  cupped  o v e r  t h e  s h e l l .  The m a n t l e  b e g i n s  t o  
r e f l e x  and c o v e r s  t h e  s h e l l  l i k e  a c o l l a r  and t h e  velum i s  r e d u c e d .
The mouth  i s  n o t i c e a b l e ,  c i l i a t e d  and s q u a r e .  By t h e  1 0 th  d ay ,  t h e  
eye s p o t s  a r e  v e r y  p r o n o u n c e d .  T h e re  i s  now e v i d e n c e  of  t h e  g u t  e v e n  
th ough  t h e  y o l k  r e n d e r s  m os t  o f  t h e  a n i m a l  opaque,  A l o n g i t u d i n a l  
d a r k  s t r e a k  a p p e a r s  on t h e  f o o t .  The m a n t l e  c o n t i n u e s  to  grow o v e r  
t h e  s h e l l  u n t i l  t i m e  o f  h a t c h i n g  ( P l a t e  2 l )*  There  i s  a r e d  sp o t  
i n s i d e  t h e  s h e l l ,  and p i g m e n t  s p o t s  i n  t h e  m a n t l e .  Rh inop  ho r e  r u d i m e n t s  
a r e  p r e s e n t  o n  th e  1 1 t h  d a y .  T h e re  a r e  no r e t r a c t o r  m u s c l e s  p r e s e n t
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i n  the  v e l i g e r s ,  and a t  no  t im e  do  th e y  look  l i k e  t h e y  cou ld  c o n t r a c t  
c o m p l e t e l y  i n t o  t h e  s h e l l .  No o p e rc u lu m  i s  p r e s e n t  i n  t h e  l a r v a .  The 
a n i m a l s  s t a r t  c a s t i n g  o f f  t h e i r  s h e l l s  I n s i d e  t h e  egg c a p s u l e s  by  t h e  
1 3 t h  day .  The egg  c a p s u l e  c o l l a p s e s  a round  t h e  l a r v a  and a f t e r  s e v e r a l  
h o u r s ,  t h e  a n i m a l  emerges  from t h e  egg c a p s u l e  a s  a s h e l l - l e s s  j u v e n i l e .  
H a tc h in g  t a k e s  p l a c e  o v e r  a p e r i o d  o f  s e v e r a l  d ay s  i n  any one  egg m a ss .
The velum o f  t h e  h a t c h i n g  l a r v a  i s  r educe d  to  two s m a l l  l o b e s ,  and t h e  
a n i m a l  i s  c o v e r e d  w i th  c i l i a .  The  l a r v a  c a s t s  o f f  i t s  s h e l l  by  c r a w l i n g  
on  i t s  f o o t  and e x t e n d i n g  more and  more o f  i t s  body o u t  o f  t h e  s h e l l  
u n t i l  i t  i s  h e l d  by t i s s u e  a t  o n l y  one  p o i n t .  T h i s  i s  a l s o  p e e l e d  
o f f  from t h e  s h e l l  and t h e  an im a l  c r a w l s  away. Some a n im a ls  h a t c h  
from t h e  egg c a p s u l e s  b e f o r e  t h e y  c a s t  o f f  t h e  s h e l l  ( p l a t e  2 2 ) .
J u v e n i l e  D e v e lo p m e n t . A f t e r  t h e  J u v e n i l e s  h a t c h ,  t h e y  f i n d  a n  o p e n in g  
In  the  egg  mass w here  t h e  mucus w a l l  has  d i s i n t e g r a t e d ,  a l l o w i n g  them 
t o  crawl a t o p  t h e  egg m a s s .  They s t a y  on t h e  egg mass f o r  s e v e r a l  
d a y s  a f t e r  h a t c h i n g .  Even th ough  t h e r e  seems t o  be no s y n c h ro n y  in  
t h e  c l e a v a g e  p a t t e r n ,  some h a t c h i n g  o r d e r  i s  e v i d e n t .  J u v e n i l e s  on t h e  
o u t s i d e  e d g e  o f  t h e  egg mass emerge f i r s t  as  h a t c h i n g  works p r o g r e s s i v e l y  
toward  t h e  c e n t e r  o f  t h e  egg m a ss ,  w i t h  t h e  p o r t i o n  o f  t h e  egg mass 
t h a t  was l a i d  f i r s t  h a t c h i n g  l a s t .  The c e n t r a l  w h o r l s  o f  t h e  egg  mass 
c o n t a i n  l a r v a e  w i t h  a l a r g e  velum when t h e  o u t e r  w h o r l s  c o n t a i n  h a t c h i n g  
j u v e n i l e s .  The c e n t r a l  a n i m a l s  may emerge o v e r  a week a f t e r  t h e  o u t e r  
o n e s .  T h i s  c o u l d  p o s s i b l y  be due  t o  a s m a l l e r  amount o f  oxygen r e a c h i n g  
t h e  c e n t e r  o f  t h e  mass.
The e y e  s p o t s  a r e  v e r y  n o t i c e a b l e  in  t h e  l a r v a e  and a l s o  i n  
t h e  J u v e n i l e s .  The  f o o t  i s  e l o n g a t e  and e x t e n d s  beyond th e  m a n t l e  
p o s t e r i o r l y  ( P l a t e  23) . The m a n t l e  i s  o v a l - e l o n g a t e  w i th  n o t c h e s  a t
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b o t h  t h e  a n t e r i o r  a n d  p o s t e r i o r  p a r t  ( P l a t e  3 3 ) . Hatching s i z e  ranges  
f rom  0 . 2 5 0  mm to  0 . 6 0 0  mm. Some o f  t h e  young p o s s e s s  s p i c u l e s  b e f o r e  
t h e y  h a t c h ,  b u t  m os t  do n o t  a c q u i r e  s p i c u l e s  b e f o r e  they  a r e  t h r e e  
d a y s  o l d .  The s p i c u l e s  a r e  made o f  amorphous ca lc ium  c a r b o n a t e  (Odum 
1 9 5 1 ) ,  anti formed in  a  p r o g r e s s i v a  p a t t e r n  ( P l a t e  23}- The f i r s t  
s p i c u l e s  a r e  s i m p l e  a n d  p o i n t e d  a t  b o t h  ends ,  s i m i l a r  to t h e  oxeas  of 
s p o n g e s .  They form a  f i s h  bone p a t t e r n  in  t h e  j u v e n i l e  t h a t  e x t e n d s  
d o r s a l l y  from th e  ey e  s p o t s  t o  t h e  a n a l  r e g i o n .  The s p i c u l e s  a r e  
c r i s s c r o s s e d  w i t h  o t h e r  s i m p l e  s p i c u l e s  by th e  n e x t  day.  L a t e r  s p i c u l e s  
w i t h  a t r i p o d  a t  o n e  end  a r e  formed ( P l a t e s  23 ant  ^ 2 0  . T hese  a r e  
l o c a t e d  a l o n g  t h e  o u t e r  m a rg i n  o f  t h e  m a n t l e ,  and  gland c e l l s  a r e  
now a l s o  p r e s e n t  a l o n g  t h e  edge o f  t h e  m a n t l e .
The  eye s p o t s  a r e  v e r y  n o t i c e a b l e  i n  t h e  newly h a t c h e d  
j u v e n i l e s .  As t h e  a n i m a l  grows and becomes t h i c k e r ,  the  eye s p o t s  a r e  
d e e p e r  i n  t h e  body a n d  l e a s  n o t i c e a b l e  even though  they a r e  s t i l l  
e v i d e n t  i n  t h e  m a t u r e  a d u l t .  The r h i n o p h o r e s  r e t r a c t  in t o  p i t s  a t  
a r o u n d  t h e  f o u r t h  d a y  a f t e r  h a t c h i n g .  The an im a l  becomes d a r k  brown 
i n  t h e  r e g i o n  o f  t h e  p r e s u m p t i v e  a n a l  o p e n in g .  T h i s  e v a g i n a t e s  and 
e v e n t u a l l y  p r o d u c e s  an  o p e n i n g .  The brown m a t e r i a l  i s  p o s s i b l y  
m e t a b o l i c  w a s t e s .  At t h e  end o f  4 weeks t h e  a n i m a l s  p o s se s s  two 
r e t r a c t i l e  g i l l s ,  a w i d e  f o o t ,  s p i c u l e s ,  s h in y  g la nd  c e l l s ,  r e t r a c t i l e  
r h i n o p h o r e s  and b l a c k  e y e  s p o t s .  O r a l  t e n t a c l e s  a r e  p r e s e n t  when the 
n u d l b r a n c h s  a r e  up t o  4 . 5  mm in  l e n g t h .  At app ro x im a te ly  7 weeks th e  
a n i m a l s  h a v e  a c q u i r e d  two a d d i t i o n a l  g i l l s  ( t h e y  now have 2 l a r g e  and 
2 s m a l l  g i l l s ) .  T h e r e  a r e  f o u r  l e a v e s  o r  p e r f o l i a t i o n s  on eac h  
r h i n o p h o r e ,  t u b e r c l e s  s u p p o r t e d  by s p i c u l e s  on t h e  d o r s a l  s u r f a c e ,  and 
d a r k  p i g m e n t  s p o t s  o n  t h e  b a c k .  The f o o t  remains  longer  th a n  t h e
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p o s t e r i o r  m a n t le  (T a b le  0)*
The number o f  l e a v e s  o r  p e r f o l l a t i o n a  on th e  r h i n o p h o r e s  i s  
p ro b a b ly  n o t  a  v a l i d  ta x o n o m ic  f e a t u r e  f o r  n u d i b r a n c h s ,  a s  t h e  number 
of  p e r f o l i a t i o n a  i n  t h e s e  a n i m a l s  i n c r e a s e s  w i t h  s i z e  and a g e  t o  15 
o r  more (D, p h a r p a ) . I t  i s  p o s s i b l e  t h a t  t h e  number o f  l e a v e s  a l s o  
changes  i n  o t h e r  a n i m a l s .
The j u v e n i l e s  a r e  a c t i v e  and f e e d i n g  from about  3 o r  h d ays  
t o  a week a f t e r  h a t c h i n g .  At 6  o r  7 w e e k s , t h e y  spend t im e  on t h e  
s i d e s  o f  t h e  c u l t u r e  bow ls  and  i n  t h e  s u r f a c e  o f  t h e  w a t e r .  I f  t h e  
a n im a l s  a r e  n o t  f e d  a f t e r  h a t c h i n g ,  t h e y  become a  v e r y  p a l e  c ream c o l o r  
and t r a n s p a r e n t .  They r e m a in  s h i n y  due  t o  t h e  p r e s e n c e  o f  s p i c u l e s .
I f  t h e  a n i m a l s  a r e  f e d ,  t h e y  become i n c r e a s i n g l y  d a r k e r  u n t i l  t h e y  
become t h e  same c o l o r  a s  t h e  s p o n g e s  on w hich  t h e y  f e e d .
At t h e  end o f  2 months  t h e  l a r g e s t  a n i m a l s  a r e  a l m o s t  5 .5  
mm lo n g .  By t h e  t im e  t h e y  a r e  3 months  o l d ,  t h e y  r a n g e  from 5 to  7 mm 
lo n g .  When t h e y  a r e  k m on ths  o l d  t h e  l a r g e s t  o n e s  a r e  12  mm l o n g ,  and 
a t  5 months  t h e y  a r e  c l o s e  t o  m a t u r i t y  i n  s i z e .  At t h i s  t i m e ,  which  
I s  u s u a l l y  November and December ,  t h e y  r a n g e  f rom  11 to 1 9 -20  mm long  
( F i g u r e  5) .
The l i f e  s p a n  o f  I), p h a r p a  I s  from 9 t o  13 m onths .  M atu re  
a d u l t s  mate and l a y  t h e i r  eggs  f rom  May t o  J u l y  and th e n  d i e  a f t e r  
spawning- Eggs a r e  l a i d  on s h e l l s  c o n t a i n i n g  C^ , c e l a t a . Eggs h a t c h  
a f t e r  13 -20  d a y s  and t h e  young em erge  a s  me tam orphosed  j u v e n i l e s .  
S p i c u l e s  d e v e l o p  i n  a m a t t e r  o f  d a y s  a f t e r  h a t c h i n g .  J u v e n i l e s  b e g i n  
f e e d i n g  s e v e r a l  d a y s  a f t e r  h a t c h i n g  and grow r a p i d l y ,  r e a c h i n g  m a t u r i t y  
in  h o r  5 m o n t h s .  The a n i m a l s  o v e r - w i n t e r  a s  n o n - m a t in g  a d u l t s .  The 













T a b le  7 .  Development o f  D o r l o p a l l i a  pharpa at  25-27*C.
1 s t  c l e a v a g e 6 h o u r s
b l a s t u l a 2 days
t r o c h o p h o r e 6 day s
v e l i g e r 0 day s
m a n t l e  r e f l e x i n g  o v e r  s h e l l 10 days
r h l n o p h o r e  r u d i m e n t s  p r e s e n t 11 days
s h e l l  c a s t  o f f 13-19 days
h a t c h i n g 1 3 -2 0 days
s p i c u l e s  fo rm ed  3 d a y s  a f t e r  h a t c h i n g
( o c c a s i o n a l l y  b e f o r e  h a t c h i n g )
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w a te r  t e m p e r a t u r e  and n o t  I n f l u e n c e d  by p h o t o p e r i o d .  A f t e r  m a t i n g  
and egg l a y i n g ,  t h e  a n i m a l s  d i e .
A n im a ls  k e p t  i n  t h e  l a b o r a t o r y  compared  f a v o r a b l y  i n  s i z e ,  
c o l o r  and  a c t i v i t i e s  w i t h  a n i m a l s  b r o u g h t  I n  f rom  t h e  w i l d  f o r  c o m p a r i s o n .  
Some a n i m a l s  w ere  k e p t  o v e r  w i n t e r  i n  u n a e r a t e d  bowls  a t  room t e m p e r a t u r e  
{IB -21aC ) , some w ere  k e p t  I n  u n a e r a t e d  b ow ls  on t h e  w e t  t a b l e  w i t h  
ambien t  w a t e r  t e m p e r a t u r e s  { 0 - 4  o r  5“C ) , and  some w ere  k e p t  i n  f l o w in g  
w a t e r  t r a y a  (0  t o  4 o r  5&C ) . The  o n e s  a t  room t e m p e r a t u r e  c o n t i n u e d  
to  feed and move a r o u n d .  T h e s e  a n i m a l s  seemed t o  have  a c c e l e r a t e d  
m a t u r i t y  and s t a r t e d  t o  m a te  i n  l a t e  F e b r u a r y .  The a n i m a l s  i n  am b ien t  
w a te r  d i d  n o t  b e g i n  t o  m a te  u n t i l  l a t e  A p r i l  and  e a r l y  May. The earLy
m a tu r in g  a n i m a l s  d i e d  a t  an  e a r l y  a g e ,  F e b r u a r y  and March r a t h e r  t h a n
in  J u n e  o r  J u l y .  Some d e v e l o p e d  l e s i o n s  on t h e  r i g h t  d o r s a l  s i d e  j u s t  
a n t e r i o r  t o  t h e  g i l l s ,  l e s i o n s  a t t r i b u t e d  t o  e a r l y  s e n e s c e n c e .  Some 
o f  t h e  e a r l y  m a t i n g  a n i m a l s  a l s o  l a i d  v i a b l e  e g g s .  M o r t a l i t y  r a t e  
d e c r e a s e d  when some o f  t h e  e a r l y  m a t u r i n g  a n i m a l s  w ere  p l a c e d  on t h e  
Wet t a b l e  a t  am b ie n t  w a t e r  t e m p e r a t u r e s .  Some o f  t h e  e a r l y  egg masses  
deve loped  n o r m a l l y  w h i l e  o t h e r s  d id  n o t .  Egg m a ss es  w e re  s m a l l e r  th a n  
normal  and  t h e  a n i m a l s  d i e d  s o o n  a f t e r  m a t i n g  and egg l a y i n g .  Animals  
h e ld  c o n t i n u o u s l y  on t h e  wet  t a b l e  o r  i n  f l o w i n g  w a t e r  t r a y 3  d i d  not
s t a r t  l a y i n g  e g g s  u n t i l  May.
Remarks. The  a d v a n t a g e s  o f  t h i s  t y p e  o f  d ev e lo p m e n t  a r e :  1) Fewer
eggs a r e  n e e d e d ,  a s  mos t  o f  t h e  eggs  h a t c h .  2 ) t h e  eggs  h a t c h  a t  an  
advanced s t a g e ,  e l i m i n a t i n g  t h e  v e r y  v u l n e r a b l e  f r e e - s w im m in g  l a r v a l  
s t a g e ,  and i n c r e a s i n g  c h a n c e s  o f  s u r v i v a l .  3) Mo food i s  n eed e d  i n  t h e  
l a r v a l  s t a g e .  4) The young  a r e  i n d e p e n d e n t  o f  o u t s i d e  fo o d  s u p p l i e s  
f o r  a l o n g e r  p e r i o d  o f  t i m e  t h a n  ones  t h a t  h a v e  a f r e e - s w im m in g  l a r v a l
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s t a g e .  The d i s a d v a n t a g e s  of t h i s  t y p e  o f  development a r e :  1) The eggs
r e q u i r e  a long h a t c h i n g  p e r i o d .  2) They a r e  v u l n e r a b l e  in  t h e  egg mass.
3) The young cannot  s u r v i v e  o u t s i d e  t h e  egg mass i f  i t  i s  d i s r u p t e d ,  
b) These eggs a r e  e x p e n s iv e  to  p roduce ,  i n  t h a t  they  need a l o t  of 
yo lk  t o  enab le  them to  deve lop .
Family Dotoidae
Doto c o r o n a t a  (Gmelin 1791)
( P l a t e  15,  F ig u re  12)
D i a g n o s i s . Specimens range  from 5 t o  11 mm in  l e n g t h .  A du l t  a e o l i d i f o m ,  
base cream c o l o re d  w i t h  red  pigment s p o t s .  P igment s p o t s  on body vary  
from v e r y  few to  so many t h a t  t h e  whole a n im a l  a p p e a r s  d a r k  r e d ,
C e ra t a  c re a m -c o lo re d ,  5 -7 ,  on each  s i d e  o f  t h e  b a c k .  C e r a t a  covered 
w i th  r a i s e d  p a p i l l a e  pigmented r e d ,  which t u r n  b l a c k  when an im a ls  a r e  
p r e s e r v e d .  Rhinophores t r a n s l u c e n t  p a l e ,  s l e n d e r  c y l i n d e r s  r e t r a c t a b l e  
i n t o  t rum pe t - shaped  encompassing s h e a t h s .  S h e a t h s  n o rm a l ly  co v e r  a t  
l e a s t  o n e - h a l f  o f  r h in o p h o r e s .  Foot as  wide a s  body.  Eye s p o t s  not  
v i s i b l e  i n  the  ma tu re  a d u l t .  Anal  open ing  d o r s o - l a t e r a l . R ep ro d u c t iv e  
open ings  benea th  t h e  f i r s t  c e r a s  on t h e  r i g h t  s i d e ,  Mo o r a l  t e n t a c l e s  
p r e s e n t .
O c c u r r e n c e . For ty  specimens were  c o l l e c t e d  f rom th e  mouth o f  C h e r ry s to n e  
Creek in  the  Chesapeake Bay. The s p e c i e s  o c c u r  in  the  W es te rn  A t l a n t i c  
from Greenland  to Hew J e r s e y  (F ranz  1970) .  The an im als  c o l l e c t e d  in  
t h i s  s tu d y  ex tend  t h e  ra n g e  of  I), c o r o n a t a  sou thward  to  t h e  lower  
Chesapeake Bay. Th i s  s p e c i e s  i s  a m p h i - A t l a n t i c  and i s  found from 
Denmark to  t h e  M e d i t e r r a n e a n  Sea ( P r u v o t - F o l  1954,  Franz 1970a) .  
S e a s o n a l i t y  and Food. I), c o r o n a t a  f eeds  on more  t h a n  20 s p e c i e s  of 
h y d ro id s  (Thompson 1964) .  These i n c l u d e  s p e c i e s  o f  B o u g a i n v i l l l a ,
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O b e l i a ,  C a m p a n u l a r f a . T u b u l a r i a  and  B e r t u l a r i a . D. c o r o n a t a  was 
c o l l e c t e d  i n  A p r i l  and  May s a m p l e s  i n  1975 .  The a n i m a l s  w e r e  spawning 
a t  t h e  t i m e .  Swennen {1961)  o b s e r v e d  more  t h a n  o n e  s p a w n in g  a y e a r  
and  M i l l e r  ( 1 9 6 2 )  s t a t e d  t h e r e  may be  a s  many a s  4 spaw n ing  p e r i o d s  a 
y e a r  f o r  D, c o r o n a t a  n e a r  t h e  I s l e  o f  Man.
M a t i n g . The  m a t i n g  a n d  e g g  d e v e l o p m e n t  o f  IJ. c o r o n a t a  h a s  b e e n  s t u d i e d  
by d i f f e r e n t  a u t h o r s  i n  r e c e n t  t i m e s .  K r e s s  ( 1 9 7 5 ) ,  com pared  t h e  
l a r v a l  d e v e l o p m e n t  o f  t h r e e  s p e c i e s  o f  Doto In  E u ro p e  — D oto  c o r o n a t a . 
I}, p l n n a t i f  I d a  and  D, f r a g i l i s . S e v e r a l  o t h e r  a u t h o r s  make comments 
on Che l i f e  c y c l e ,  I n c l u d i n g  M i l l e r  ( 1 9 6 2 ) ,  Swennen ( 1 9 6 1 ) ,  Thompson 
(1967)  and  C l a r k  ( 1 9 7 5 ) ,  T h e r e  d o e s  n o t  seem to  be any e l a b o r a t e  
c o u r t s h i p  p r o c e d u r e  b e f o r e  m a t i n g .  The  a n i m a l s  a l i g n e d  j u x t a p o s e d  
' h e a d - t o - t a i l 1 and  c u r v e d  t o g e t h e r  d u r i n g  c o p u l a t i o n .  A s i m u l t a n e o u s  
t r a n s f e r  o f  s p e rm  i s  e v i d e n c e d .
Egg M a s se s  and  E g g s . W h i t e  e g g s  a r e  l a i d  i n  a  n a r r o w  r i b b o n  a t t a c h e d  
t o  t h e  s u b s t r a t u m  a l o n g  o n e  e d g e ,  Type  A ( H u r s t  1967)  ( T a b l e  2 ) .  The 
f r e e  e d g e  i s  t h e  same l e n g t h  a s  t h e  a t t a c h e d  e d g e  so  t h e r e  i s  no 
r i p p l i n g  o f  t h e  m a s s .  One o r  two e g g s  o c c u p y  e a c h  c a p s u l e .  The 
c a p s u l e s  t e n d  t o  be  o v a l  b u t  o c c a s i o n a l l y  t h e y  a r e  d raw n  o u t  i n t o  a 
c y l i n d r i c a l  s h a p e  o r  jammed t o g e t h e r  i n t o  a  s q u a r e ,  K r e s s  (1 9 7 1 ,  1972) 
i n d i c a t e d  t h e  egg  c a p s u l e s  g e t  l a r g e r  a f t e r  t h e y  h a v e  b e e n  l a i d .  One 
i n t e r e s t i n g  o b s e r v a t i o n  o f  D. c o r o n a t a  d e v e l o p m e n t  i s  t h a t  t h e  eggs 
do n o t  d e v e l o p  s y n c h r o n o u s l y .  T hose  l a i d  f i r s t  d e v e l o p  f a s t e r  than  
t h o s e  i n  t h e  o p p o s i t e  end o f  t h e  egg m a s s .  T h e r e  c a n  be a s  much a s  
2 d a y s  d i f f e r e n c e  i n  d e v e l o p m e n t a l  s t a g e s  and  t i m e  i n  t h e  e x t r e m i t i e s  
o f  an  egg m a s s .
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L a r v a l  Development. Eggs  d e v e l o p e d  n o r m a l l y  t o  h a t c h i n g  i n  a b o u t  9 
d a y s  a t  1 3 .5  to  15 .5°C .  Eggs l a i d  a t  t h e  h i g h e r  t e m p e r a t u r e  o f  17°C 
d e v e l o p e d  t o  a c e r t a i n  s t a g e  and t h e n  s to p p e d .  The  embryos would 
u n d e r g o  c e l l  breakdown and d i s s o c i a t i o n .  Very few  eggs  would p r o g r e s s  
to  t h e  v e l i g e r  s t a g e .  A p p a r e n t l y  lS^C must  be  a p p r o a c h i n g  t h e  u p p e r  
t e m p e r a t u r e  l i m i t  f o r  egg  d e v e l o p m e n t  f o r  t h i s  s p e c i e s .  K r e s s  (1 9 7 5 ) ,  
H a d f i e l d  (1963) and Thompson (1967)  a l l  r e a r e d  I), c o r o n a t a  e g g s  a t  10 
t o  1 5 DC. The l a r v a e  a r e  p l a n k t o t r o p h i c o f  Type 1 (Thompson 1967) (T a b l e
3 ) .  Hone o f  t h e  l a r v a e  unde rw en t  m e ta m o r p h o s i s  d u r i n g  t h e  s t u d y .
Fami ly  C uthonidae
T e n e l l j a  a d s p e r a a  (Nordmann 1845)
( P l a t e  16,  F i g u r e  14)
D i a g n o s i s . A du l t s  s m a l l ,  a e o l l d i f o r m , ab o u t  5 -7  mm lo n g .  C o lo r  
t r a n s l u c e n t  w h i t e ,  w i t h  d a r k  p ig m e n t  s p o t s  on t h e  body and c e r a t a .
C e r a t a  a r r a n g e d  In 5 t o  7 g roups  o f  1 to  3 on e a c h  s i d e .  D i g e s t i v e  
g l a n d  * l i v e r  * b rownish  o r  y e l l o w i s h  i n s i d e  e a c h  c e r a s .  C n ld o s a c s  
p r e s e n t  i n  t h e  t i p s  o f  t h e  c e r a t a .  Eye s p o t s  l o c a t e d  b e h in d  s o l i d ,  
s i m p l e  r h i n o p h o r e s .  O r a l  t e n t a c l e s  a b s e n t ,  b u t  o c c a s i o n a l l y  t h e r e  i s  
a s m a l l  o r a l  v e i l .  F o o t  a s  w ide  a s  t h e  body ,  a n t e r i o r  e d g e  r o u n d e d ,  
and  p o s t e r i o r  end t a p e r e d  to  a s h o r t  t a i l .  A na l  o p e n i n g  l o c a t e d  in  
s c l e i o p r o c t i c  p o s i t i o n ,  ( P o s t e r i o r  t o  t h e  s e c o n d  g roup  o f  t h e  a n t e r i o r  
r i g h t  h e p a t i c  d i v e r t i c u l a c  and a n t e r i o r  to  t h e  p o s t e r i o r  l e f t  h e p a t i c  
d i v e r t i c u l a c . )
O c c u r r e n c e . More th a n  50 T.  a d s p e r a a  were  found  a t  s e v e r a l  l o c a l i t i e s  
i n  t h e  Chesapeake Bay a t  s a l i n i t i e s  a v e r a g i n g  1 2 . 5  o / o o ,  Rasmussen 
(1944)  s t u d i e d  some T. a d s p e r s a  i n  s a l i n i t i e s  o f  20 o / o o .  The W es te rn
A t l a n t i c  d i s t r i b u t i o n  f o r  T_. a d s p e r a a  i s  from C h e s a p e a k e  Bay t o  Sao 
Pau lo ,  B r a z i l  (Marcus 1 9 7 2 a ) . F u r t h e r  d i s t r i b u t i o n  i s  f rom L o f o t e n  
and F i n l a n d  t o  t h e  M e d i t e r r a n e a n  Sea ( P r u v o t - F o l  1 9 5 4 ) ,  B la c k  Sea  
(R og lnskaya  1970)  and J a p a n  (Baba and H am atan i  1 9 6 3 ) .
S e a s o n a l i t y  and Food. T^ a d a p e r s a  i s  f o u n d  y e a r  r o u n d  in  t h e  s t u d y  
a r e a .  The a d u l t s  f eed  on a v a r i e t y  o f  h y d r o i d s  i n c l u d i n g  C o r d y lo p h o r a  
l a c u b t r i s . P r o t o h y d r a  l e u c k a r t l  and O b e l l a  d ic h o to m a  (Thompson 1 9 6 4 ) .  
They a l s o  f e e d  on B o u g a i n v i l l e a  sp .  They a t t a c k  t h e  h y d r o id  p o l y p  
and e n g u l f  t h e  e n t i r e  a n im a l  from th e  o r a l  end.
M a t in g . T_. a d s p e r a a  h a s  l i t t l e  d i s t i n c t i v e  c o u r t s h i p  b e h a v i o r .  I t  
moves t o  t h e  h e a d - t o - t a i l  p o s i t i o n  w i t h  i t a  m a te ,  i t s  g e n i t a l i a  e n l a r g e d  
and e x t e n d e d ,  and  c o p u l a t i o n  t a k e s  p l a c e  i m m e d i a t e l y .  B o th  a n i m a l s  
c o p u l a t e d  a s  m a le  and f e m a le .
h£fi_ Mass and E g g s . Eggs a r e  l a i d  i n  an o v a l  s a c ,  3 t o  4 mm l o n g  and 
t o  t h e  s u b s t r a t u m  a t  t h e  c e n t e r  (Type D, H u r s t  1967) ( T a b l e  2 ) ,  T h e r e  
a r e  from 3 t o  175 egg c a p s u l e s  p e r  egg m a ss ,  e ac h  c o n t a i n i n g  1 egg 
which i s  from 130 to  200 m i c r o n s  In  d i a m e t e r .  The egg mass s i z e ,  
number o f  eggs  and s i z e  o f  t h e  e g g s ,  a s  w e l l  a s  t h e  t i m e  t o  h a t c h i n g ,  
depends  on t e m p e r a t u r e  and s a l i n i t y  (Rasmussen  1 9 4 4 ) .
L a rv a l  D e v e lo p m e n t . The v e l i g e r  lias an i n f l a t e d  s h e l l ,  a  s m a l l  ve lum  
and a v e r y  l a r g e  f o o t .  Eye s p o t s  a r e  p r e s e n t  a s h o r t  t i m e  b e f o r e  
h a t c h i n g .  Rasmussen (1944) n o t e d  p u r p l e - b l a c k  p ig m en t  i n  t h e  l a r v a e  
around t h e  e y e s ,  f o o t  and l i v e r .  The a n i m a l  f i l l s  a b o u t  t w o - t h i r d s  of  
t h e  s h e l l .  T h i s  s p e c i e s  i s  v e r y  easy  t o  r e a r  i n  t h e  l a b o r a t o r y .  The 
an im a ls  from Chesapeake  Bay h a t c h  a t  4 d a y s ,  swim f o r  2 h o u r s  t o  2 
days  and  th e n  c a s t  o f f  t h e i r  s h e l l  and u n d e rg o  m e ta m o r p h o s i s .  Some 
i n d i v i d u a l s  from t h e  same egg mass c a s t  o f f  t h e i r  s h e l l  a f t e r  h a t c h i n g
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from t h e  egg c a p s u l e  and c r a w l  from t h e  mass a s  young j u v e n i l e s .  In  
t h e  B a l t i c ,  t h e  egg a h a t c h  a f t e r  4 - 9  d ay s  and swim In  t h e  p l a n k t o n  f o r  
up  to  5 d ays  (Rasmussen  1 9 4 4 ) .  Rasmussen ( 1 9 4 4 ) ,  a l s o  o c c a s i o n a l l y  
o b s e r v e d  j u v e n i l e s  c r a w l i n g  from an egg m a s s .  The s p e c i e s  e x h i b i t s  
d e v e lo p m e n t  Types  2 and 3 (Thompson 1967) (T ab le  3 ) .
J u v e n i l e  D e v e lo p m e n t . The dorsum o f  t h e  j u v e n i l e s  i s  r e c t a n g u l a r  a t  
f i r s t ,  b u t  r a p i d l y  becomes e l o n g a t e - t r i a n g u l a r ,  b u d d in g  r h i n o p h o r e s  
and one  p a i r  o f  c e r a t a .  The j u v e n i l e s  a r e  w h i t i s h  t r a n s l u c e n t  w i t h  
two i r r e g u l a r  b l a c k  p igm en t  s p o t s  and two b l a c k  e y e s p o t s  on  t h e  dorsum. 
They a r e  c o m p l e t e l y  c o v e re d  w i t h  c i l i a .  Growth p r o c e s s  i s  s i m i l a r  t o  
t h a t  d e s c r i b e d  f o r  T e n e l l i a  f u s c a t a  i n  t h i s  p a p e r .  The a n im a l  i s  
eq u ip p e d  w i t h  r a d u l a  and J a w s  from h a t c h i n g .  At t h e  end o f  2 t o  3 
w eeks ,  t h e  young a n i m a l  i s  r e p r o d u c t i v e l y  m a tu r e  a n d  has  mated  and 
l a i d  e g g s .
Remarks . Some c o n t r o v e r s y  h a s  a r i s e n  o v e r  t h e  c o r r e c t  name o f  t h i s  
s p e c i e s .  The name T e r g i p e s  a d s p e r a a  was a s s i g n e d  i n  1845 by Nordman 
and has  been  l i t t l e  used  u n t i l  r e c e n t l y  (R o g in s k a y a  1 970 ) ,  w h i l e  t h e  
name E m b le t o n ia  p a l l i d a  A l d e r  and Hancock  1854 ,  h a s  been  u s e d  c o n t i n u a l l y  
by w e s t e r n  c o u n t r i e s  s i n c e  t h a t  t im e .  T h e re  i s  a l s o  a n o t h e r  name 
(T e n e l l i a  v en t1 1 ab ru m  D a y l l e l  1855) t h a t  has  been  a p p l i e d  by some 
( P r u v o t - P o l  1954 ,  A bbo t t  1974)  t o  t h a t  s p e c i e s .  Lemche (1973)  has 
p r o p o s e d  t h a t  T. a d s p e r a a  b e  s u p p r e s s e d  a s  a notnen o b i  i t  urn and T e n e l l i a  
p a l l i d a  be p l a c e d  on  t h e  O f f i c i a l  L i s t  o f  S p e c i f i c  Names. Roginskaya  
(1974)  commented on  Lemche1s  p r o p o s a l  (1973)  and s t a t e d  t h a t  t h e  name 
T. a d s p e r a a  m e e ts  t h e  r e q u i r e m e n t s  o f  t h e  "50 y e a r  r u l e " ,  A r t i c l e  2 3 ( b ) ,  
I n t e r n a t i o n a l  Code o f  Z o o l o g i c a l  N o m e n c la tu r e  (1964)  , which i n d l c a t e a  
t h a t  t h e  name must  b e  p u b l i s h e d  more t h a n  10 t i m e s  in  t h e  l a s t  50 y e a r s
79
by a number o f  a u t h o r s  t o  be  c o n s id e r e d  a w o rk in g  name. T h i s  c o n t r o v e r s y  
h a s  n o t  b e e n  r e s o l v e d  a s  y e t  by t h e  ICZN. T e n e l l i a  a d s p e r a a  i s  u s e d  
h e r e  a s  t h e  c u r r e n t  v a l i d  name.
T e n e l l i a  f u s c a t a  (Gould )
( F l a t e  16, F ig u r e  1 4 )
D i a g n o s i s . A d u l t  s m a l l  ( 3 - 7  ram) e o l i d  w i t h  s h o r t  o r a l  t e n t a c l e s ,  1 
p a i r  o f  r h i n o p h o r e s  and c e r a t a  c o n t a i n i n g  c n i d o s a c s .  C e r a t a  a r r a n g e d
i n  5 o r  6 g r o u p s  o f  2 to 4 on each  s i d e  o f  t h e  dorsum. Heed b r o a d ,
fo rm in g  s h o r t  o r a l  t e n t a c l e s .  Foot as  w id e  a s  body,  r o u n d e d  in  f r o n t ,
and t a p e r i n g  to  a s h o r t  t a i l .  Co lor t r a n s l u c e n t  w h i t e ,  w i t h  d a r k
p ig m e n t  s p o t s  o n  dorsum and c e r a t a .  Eye s p o t s  l o c a t e d  b e h i n d  r h i n o p h o r e s .  
D i g e s t i v e  g l a n d  d i v e r t i c u l a  s l i g h t l y  d a r k e r  t h a n  c e r a t a .  Anal  o p e n i n g  
a c l e i o p r o c t i c ,  i n  i n t e r h e p a t i c  s p a c e .  R a d u l a r  r i b b o n  made up o f  
a p p r o x i m a t e l y  19 rows of  1 t o o t h  each.
O c c u r r e n c e . ^T. f u s c a t a  i s  found  in t h e  C hesapea ke  Bay a n d  on th e  
s e a s i d e  o f  V i r g i n i a ' s  E a s t e r n  S hore .  W e s t e r n  A t l a n t i c  d i s t r i b u t i o n  
i s  from New E ng lan d  t o  V i r g i n i a  (Franz 1 9 7 0 ) .
S e a s o n a l i t y  and F o o d . Animals a r e  c o l l e c t e d  t h r o u g h o u t  t h e  y e a r  
i n  s a l i n i t i e s  r a n g i n g  from 1 4 .5  0 / 0 0  to  30 0 / 0 0 . I t  i s  c o l l e c t e d  i n  
b y d r o id  f o u l i n g  on s h e l l s ,  p i l i n g s  and Z o g t e r a . I t  f e e d s  o n  a number 
o f  h y d r o l d s ,  i n c l u d i n g  Garvea c e r u l e a  and B o u R a i n v i l l a  s p p .  More 
th a n  50 s p e c im e n s  w ere  c o l l e c t e d  in  t h i s  s t u d y .
M a t i n g . The a d u l t s  c o p u l a t e  a f t e r  a  c o u r t s h i p  o f  one  o r  two c o n t a c t s  
o f  c e r a t a  o r  t e n t a c l e s  and a l ig n m en t  in  j u x t a p o s i t i o n .  B o th  p a r t n e r s  
l a y  e g g s  a f t e r w a r d s .
Egg Masses  and E g g s . Eggs a r e  l a i d  In a k i d n e y - s h a p e d  m ass  a t t a c h e d  
to  t h e  s u b s t r a t u m  by a c e n t r a l  s t a l k ,  (Type D, H u rs t  1967} (T a b le  2 ) .
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The eggs a r e  w h i t e ,  l a r g e  (175 m i c r o n s ) ,  y o lk y  and e n c l o s e d  i n  s e p a r a t e  
c a p s u l e s .  T h e r e  a t e  4 -50  eggs  i n  e a c h  egg m a ss .
L a r v a l  Development. V e l i g e r s  a r e  p r e s e n t  in  t h e  egg c a p s u l e s  a f t e r  
3 d ay s  and h a t c h  In  3 t o  5 d a y s .  The  v e l i g e r s  u s u a l l y  swim bu t  do n o t  
f e e d .  The l a r v a e  c a s t  o f f  t h e i r  s h e l l s  and undergo  m e ta m o rp h o s i s  f rom 
a few hours  t o  3 d ay s  a f t e r  h a t c h i n g .  Some o f  t h e  l a r v a e  do n o t  d e v e l o p  
a s h e l l  a t  a l l  o r  c a s t  o f f  t h e i r  s h e l l  b e f o r e  h a t c h i n g .  Th i s  s p e c i e s  
has deve lopment Types 2 and 3 a s  d e s c r i b e d  by Thompson (1967)  (T a b le  3 ) ,
These  i n d i v i d u a l s  a r e  u s u a l l y  found i n  egg m a ss e s  h a v i n g  s h e l l e d  
v e l i g e r s  t h a t  h a t c h  and swim b e f o r e  l o s i n g  t h e i r  s h e l l .  The  s h e l l  
i s  i n f l a t e d  and  unmarked.  The v e l i g e r  f i l l s  t h e  e n t i r e  s h e l l  b e f o r e  
h a t c h i n g .
J u v e n i l e  D eve lopm ent . Ju v e n iL e s  a r e  t r i a n g u l a r ,  co v e re d  w i t h  c i l i a  
and p o s s e s s i n g  Jaws and a r a d u l a  from m e ta m o rp h o s i s .  The l a r v a e  do 
n o t  f e e d ,  b u t  t h e  j u v e n i l e s  began t o  f e e d  on a d u l t  fo o d  a s  soon a s  t h e y  
undergo  m e ta m o rp h o s is .  The v i s c e r a l  mass o f  t h e  new ly-em erged  j u v e n i l e s  
i s  l o c a t e d  i n  a d o r s a l  hutnp. A f t e r  a d ay ,  t h e  hump becomes l e s s  
n o t i c e a b l e  a s  t h e  v i s c e r a l  mass s e t t l e s  i n  t h e  a n i m a l .  The  r h i n o p h o r e s  
and one p a i r  o f  c e r a t a  ( a n t e r i o r  r i g h t  and a n t e r i o r  l e f t  h e p a t i c  l o b e s ,  
a n t e r i o r  to  t h e  h e a r t ) ,  bud a b o u t  2 d ay s  a f t e r  m e ta m o r p h o s i s .  The 
c e r a t a  a r e  c o m p le t e  w i th  d i g e s t i v e  g l a n d  d i v e r t i c u l a e  and c n i d o s a c s .
I n i t i a l  c e r a t a  a lways  bud in  p a i r s  ( T a b l e  8 ) .  The second  p a i r  o f  
c e r a t a  a p p e a r s  p o s t e r i o r  to  t h e  h e a r t  and  c o n t a i n s  d i g e s t i v e  g la n d  
d i v e r t i c u l a e  from t h e  p o s t e r i o r  l e f t  h e p a t i c  l o b e .  The t h i r d  and 
f o u r t h  p a i r s  o f  c e r a t a  bud s i m u l t a n e o u s l y ,  w i t h  t h e  t h i r d  p a i r  a n t e r i o r  
to  t h e  f i r s t  p a i r  and th e  f o u r t h  p a i r  p o s t e r i o r  to  t h e  seco n d  p a i r .
A f t e r  t h e  i n i t i a l  c e r a t a  a r e  fo rmed ,  t h e  a p p e a r a n c e  o f  c e r a t a  i s
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r a p i d .  The a n i m a l s  become m a tu re*  m a te  and  l a y  eg g s  ^ o r  5 weeks 
a f t e r  h a t c h i n g .
T e n e l l i a  s p .
( P l a t e s  1 5 , 1 7  and 26,  F i g u r e  14)
D i a g n o s i s . S m a l l ,  a e o l i d i f o r m ,  m e a s u r i n g  3 t o  5 mm l o n g .  Head s m a l l ,
rounded ,  and body l a r g e r ,  a l m o s t  o v a l .  R h in o p h o re s  s i m p l e  c y l i n d e r s .  
C e r a t a  a r r a n g e d  in  clumps on  e a c h  s i d e  o f  do rsum .  Two c e r a t a  p r e s e n t  
in  f i r s t  1 o r  2 g r o u p s ,  1 c e r a a  in  e a c h  o f  o t h e r s .  Eyea l o c a t e d  i n  
c l e a r  a r e a  b e h i n d  r h i n o p h o r e s .  Anal  o p e n in g  d o r s o - l a t e r a l . Dorsum 
p igm en ted  w i t h  d a r k  m e la n o p h o r e s  -  more  o r  l e s s  -  on f r o n t  o f  h e a d ,  
be tween r h i n o p h o r e s  and  a l l  on t h e  dorsum and  c e r a t a .  F o o t  v e ry  
n a r row ,  l e s s  t h a n  o n e - t h i r d  w i d t h  o f  body .  A n t e r i o r  end o f  f o o t  
e n l a r g e d ,  w id e  a s  h e a d ,  and n o t c h e d  a n t e r i o r l y  J u s t  b e h in d  m outh .
T a i l  s h o r t ,  b r o a d  and p o i n t e d .  A du l t  a bou t  a s  h ig h  a s  b r o a d .
O c c u r r e n c e . Seven  a n i m a l s  were  c o l l e c t e d  f rom  W achapreague  Channel  
( s a l i n i t y  30 o / o o )  and  C h e r r y s t o n e  C r e e k  ( s a l i n i t y  ~23 o / o o )  .
S e a s o n a l i t y  and  Food. The a d u l t s  w e re  p r e s e n t  and spaw n ing  i n  November 
t h r o u g h  t h e  end  o f  J a n u a r y .  T e n e l l i a  s p .  f e e d s  on d i f f e r e n t  h y d r o id s  
i n c l u d i n g  T u b u l a r l a  c r o c e a . The  f e e d i n g  b e h a v i o r  i s  d i f f e r e n t  from 
o t h e r  e o l i d s .  A T e n e l l i a  s p . , was p u t  on a h y d r o i d  s t a l k ,  and im m ed ia te ly  
began t o  b i t e  i n t o  t h e  bo t tom end o f  t h e  s t a l k  and s u c k  a t  t h e  h y d r o id  
w i th  i t s  b u c c a l  pump. I t  f ed  on t h e  h y d r o i d  f o r  a b o u t  o n e - h a l f  h ou r ;  
then  s l o w l y  worked to w a rd s  t h e  p o ly p  end o f  t h e  s t a l k .  I t  b i t  I n t o  
t h e  s h e a t h  j u s t  beLow t h e  p o l y p  and s t a r t e d  pumping t h e r e .  The 
n u d i b r a n c h  would  pump f o r  a t i m e  ( w i t h  t h e  h y d r o i d  t e n t a c l e s  moving i n  
u n i s o n ,  p r o b a b l y  due t o  h y d r o s t a t i c  p r e s s u r e )  and t h e n  s t o p .  In  t h e  
r e s t i n g  i n t e r v a l ,  t h e  c e r a t a  would  p u l s a t e .  Then  t h e  a n im a l  would
T a b l e  8 , A p p e a ra n c e  o f  d o r s a l  appendages  In  J u v e n i l e  
T e n e l l i a  f u s c a t a .
Type o f  appendage Number L o c a t io n  of  ap p en d a g es
r h i n o p h o r e s
c e r a t a
1 p a i r  
1 p a i r
top  of  head
one on each s i d e ,  a n t e r i o r  
t o  h e a r t
c e r a t e 1 p a i r one on each  s i d e ,  p o s t e r i o r  
to  h e a r t
c e r a t a 2 p a i r one p a i r  a n t e r i o r  t o  t h e  
f i r s t  p a i r ,  and t h e  o t h e r  
p o s t e r i o r  t o  t h e  second 
p a i r
c e r a t a p a i r s th e  r e m a in in g  c e r a t a  bud 
in  p a i r s  p o s t e r i o r  t o  l a s t  
c e r a t a  and b e s i d e  e x i s t i n g  
c e r a t a
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s t a r t  pumping a g a i n  u n t i l  i t  had removed a lm o s t  a l l  t h e  h y d r o i d  from 
i t s  t h e c a .  One T e n e l l i a  sp .  c o u l d  consume a h y d r o i d  p o ly p  and s t a l k  
i n  about 2 h o u r s .  Most e o l l d s  o h s e r v e d  a t t a c k  t h e i r  p r e y  f rom th e  
o r a l  end and e i t h e r  e n g u l f  t h e  e n t i r e  an im a l  i n  one  s t r o k e  o r  c o n t i n u e  
t o  a t t a c k  t h e  c n i d a r l a n  u n t i l  t h e  whole an im a l  i s  consumed.
Mat ing .  Mat ing o f  T e n e l l i a  s p .  was no t  o b s e r v e d ,  a l t h o u g h  t h e  a n i m a l s  
l a i d  s e v e r a l  egg masses i n  t h e  l a b o r a t o r y .
Egg Hass and E g g s . The egg mass i s  o f  Type C ( H u r s t  1967) (T a b le  2 ) ,  
a  J e l l y  bag a t t a c h e d  to  t h e  s u b s t r a t u m  by a tnucue t h r e a d .  The egg 
mass i s  a p p r o x im a te ly  1 . 3  mat l o n g  and 0 . 8  mm w id e ,  w i t h  " c r e a s e s "  i n  
t h e  o u t e r  membrane.  The eggs a r e  w h i t e  and e a c h  i s  c o n t a i n e d  w i t h i n  
an I n d i v i d u a l  c a p s u l e .  The egg c a p s u l e s  t o u c h  e a c h  o t h e r  b u t  a r e  
n o t  a r r an g ed  i n  a s t r i n g .  T he re  a r e  a p p r o x i m a t e l y  20-50  e ggs  in  an 
egg mass.  The eggs  a r e  r a t h e r  s m a l l  a t  76 micro t ia  i n  d i a m e t e r ,  and 
t h e  egg c a p s u l e  i s  smooth and 119 m ic ro n s  i n  d i a m e t e r .  A com par ison  
o f  t h e  eggs  o f  t h e  t h r e e  s p e c i e s  o f  T e n e l l i a  can  be s een  In  T a b l e  10 .  
L a r v a l  D eve lopm ent . The l a t e r  s t a g e s  o f  dev e lo p m en t  ( t o  h a t c h i n g )  
a r e  c o n s i d e r a b l y  d i f f e r e n t  in  T e n e l l i a  s p ,  from t h e  o t h e r  s p e c i e s  of  
T e n e l l i a . The an im als  d e v e lo p  a t h i c k  l a y e r  o f  c e l l s  on t h e  i n s i d e  of  
t h e  s h e l l ,  w i th  t h e  v e l i g e r  body r e m a i n i n g  c o n c e n t r a t e d  n e a r  t h e  
a p e r t u r e .  The s h e l l  i s  f l a t t e n e d  l a t e r a l l y  and g i v e s  t h e  l a r v a  t h e  
app e a ra n c e  o f  an o v a l  w i t h  an a p e r t u r e  on t h e  s i d e .  As t h e  an im a l  
d e v e lo p s ,  t h e  s h e l l  e l o n g a t e s  ( o r  i n c r e a s e s )  u n t i l  t h e  f i n a l  p r e - h a t c h i n g  
s h e l l  fo rms .  T h i s  s h e l l  i s  I n f l a t e d ,  w i t h  t h e  a p e r t u r e  on t h e  a n t e r i o r  
end .  The an imal a lways  seems t o  be c o n c e n t r a t e d  n e a r  t h e  a p e r t u r e  
e x c e p t  f o r  t h e  heavy l a y e r  o f  c e l l s  (m a n t l e )  t h a t  c o a t s  t h e  i n s i d e  of  
t h e  s h e l l  and a l a r g e  r e t r a c t o r  m u s c l e .  The f o o t  and ve lum remain
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p r o p o r t i o n a t e l y  e m a i l  {as  compared t o  o t h e r  T e n e l l i a )  u n t i l  a f t e r  
h a t c h i n g .  A f t e r  h a t c h i n g ,  t h e  a n i m a l s  swim f o r  s e v e r a l  d a y s .  At 
a b o u t  1 0  d ay s  a f t e r  h a t c h i n g ,  t h e  m a n t l e  b e g i n s  t o  ' p e e l  a w a y 1 f rom 
t h e  I n s i d e  o f  t h e  s h e l l  and  t h e  f o o t  becomes e n l a r g e d .  The ve lum I s  
s t i l l  p r e s e n t  a l o n g  w i t h  what  a p p e a r s  t o  be r h l n o p h o r e  r u d i m e n t s .
The  a n i m a l s  swim w i t h  t h e  body e r e c t  and t h e  s h e l l  b e n e a t h .  When th e y  
s t o p  b e a t i n g  t h e i r  v e l a r  c i l i a ,  t h e y  s i n k  i n  t h e  w a t e r  column v e r y  
q u i c k l y .  The a n i m a l s  seem to  be f e e d i n g  i n  t h e  l a r v a l  s t a g e .  None 
o f  t h e  v e l i g e r s  u n d e rw e n t  m e ta m o r p h o s i s  i n  t h e  l a b o r a t o r y .
R em arks . T h i s  a n i m a l  i s  d i f f e r e n t  from T e n e l l i a  f u s c a t a  and  T .  a d s p e r s a  
i n  t h e s e  ways: T^ . f u s e s t a  and  ^T, a d s p e r s a  b o t h  have  a b r o a d  f o o t  a s
wide  as  t h e  body,  w h i l e  T e n e l l i a  s p .  has  a v e r y  n a r r o w  f o o t .  T e n e l l i a  
s p .  h a s  a d o r s o - l a t e r a l  a n a l  o p e n i n g ;  t h e  o t h e r  two h a v e  a l a t e r a l  
a c l e i o p r o c t i c  a n u s .  The r a d u l a r  t e e t h  i n  T_. f u s c a t a  and  ^T, a d s p e r s a  
c o n t a i n  a  s l i g h t l y ,  t o  v e r y  p ro m i n e n t ,  c e n t r a l  cu sp  w i t h  s m a l l e r  
c a n t i c l e s  on e a c h  s i d e .  I n  T e n e l l i a  s p . ,  t h e  c e n t r a l  c u s p  i s  n o t i c e a b l e  
b u t  d e n t i c l e s  on e a c h  s i d e  a r e  a s  long  a s  t h e  c e n t r a l  c u s p .  The egg 
d ev e lo p m en t  i s  a l s o  d i f f e r e n t  i n  T e n e l l i a  sp .
Family F a v o r t n i d a e
C r a t e n a  p l l a t a  {Gould 1870)
( P l a t e  19,  F i g u r e  15)
D i a g n o s i s . A d u l t  a e o l i d i f o r m ,  up t o  30 rani l o n g .  C e r a t a  c o n t a i n  a 
c y l i n d e r  o f  u s u a l l y  b r o w n i s h  d i g e s t i v e  g l a n d  i n t e r n a l l y ,  and two 
s i l v e r - c o l o r e d  r i n g s  e x t e r n a l l y  n e a r  t h e  d i s t a l  end o f  e a c h  c e r a s .
An i n t e r r u p t e d  c a r m i n e  s t r i p e  p r e s e n t  down t h e  d o r s a l  s u r f a c e  and on 
e i t h e r  s i d e  o f  t h e  h e a d .  Carmine  s t r i p e  on b a c k  o u t l i n e d  by a d o t t e d  
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s i m p l e  s o l i d  r h i n o p h o r e s  a n d  c e r a t a  p r e s e n t -  C e r a t a  a r r a n g e d  I n  4 
o r  5 h o r s e s h o e - s h a p e d  rows a n d  1 o r  more  l i n e s  o f  c e r a t a  on e i t h e r  
s i d e  o f  do rsum .  Number o f  rows of  c e r a t a  d e p e n d e n t  o n  s i z e  o f  a n i m a l .  
Head s e t  f rom  body by a s l e n d e r  n e c k .  Eye s p o t s  l o c a t e d  b e h i n d  
r h i n o p h o r e s .  F o o t ,  as  v i d e  a s  o t  s l i g h t l y  n a r r o w e r  t h a n  b o d y ,  d raw n  
o u t  I n t o  two l a t e r a l  t r i a n g u l a r  p r o c e s s e s  a n t e r i o r l y  and t a p e r e d  t o  
a  s l e n d e r  t a l l  p o s t e r i o r l y .  Anal  p a p i l l a  l o c a t e d  on r i g h t  s i d e  I n  
a c l e i o p r o c t i c  p o s i t i o n ,  w i t h i n  s econd  h o r s e s h o e  o f  c e r a t a .  R e p r o d u c t i v e  
o p e n i n g s  b e n e a t h  f i r s t  h o r s e s h o e  of  c e r a t a  on r i g h t  s i d e .  Jaw s  c l e a r  
t o  l i g h t  y e l l o w  and s e r r a t e d  on m a s t i c a t o r y  e d g e .  D e n t a l  f o r m u l a  
1 9 - 2 l x  0 - 0 - 1 - 0 - 0 , w i t h  c e n t r a l  t o o t h  h a v i n g  a l a r g e  c e n t r a l  c u s p  w i t h  
4 t o  8 s m a l l e r  c u s p s  on e i t h e r  s i d e .  O c c a s i o n a l l y  some s m a l l e r  c u s p s  
b i f u r c a t e .
O c c u r r e n c e - I n  t h i s  s t u d y ,  more  t h a n  50 a n i m a l s  w e r e  found  a t  
Wachapreague  and  Wachapreague I n l e t .  The s p e c i e s  I s  r e p o r t e d  f ro m  
Nova S c o t i a  t o  N o r th  C a r o l i n a  (A b b o t t  1 9 7 4 ) .  I t  I s  a b u n d a n t  i n  
summer and f a l l ,  e s p e c i a l l y  on t h e  t h e c a t e  h y d r o z o a n  T u b u l a r l a  s p .  
S e a s o n a l i t y  and F ood . A d u l t s  a r e  found  i n  t h e  s t u d y  a r e a  d u r i n g  
m os t  o f  t h e  y e a r .  Animals  f e e d  by c l i m b i n g  t h e  h y d r o i d  s t a l k  and 
g r a s p i n g  t h e  p o l y p  w i t h  t h e  a n t e r i o r  e n d s  o f  t h e  f o o t .  They t h e n  
s u c k  o u t  t h e  s o f t ,  r e d ,  i n n e r  p a r t s  o f  t h e  h y d r o i d .  The  d i g e s t i v e  
t r a c t  o f  t h e  n u d i b r a n c h  t u r n s  t h e  same c o l o r  a s  t h e  fo o d  e x c e p t  f o r  
t h e  h e p a t i c  l o b e s  I n  t h e  c e r a t a .  A d u l t s  a r e  a l s o  a g r e s s l v e l y  
c a n n a b a l i s t l c  i n  t h e  l a b o r a t o r y  when c row ded .  C^ . p i l a t a  was o b s e r v e d  
f e e d i n g  on t h e  s e a  anemone Dladumene l e u c o l e n a  ( V e r r l l l  1885) and  on 
h y d r o i d s  i n  t h e  g e n e r a  B o u g a l n y l l l i a  and p e n n a r i a  (K ep n e r  1 9 4 3 ) ,
87
M a t i n s - A d u l t s  c a r r y  on a s h o r t  c o u r t s h i p  b e h a v i o r  o f  t o u c h i n g  b e f o r e  
c o p u l a t i n g .  The a n i m a l s  l i n e  u p ,  head  t o  h e a d ,  r a i s e  o f f  t h e  s u b s t r a t u m  
and J o i n  t h e  a n t e r i o r  p o r t i o n s  o f  t h e i r  f e e t ,  t h e i r  c o p u l a t o r y  o r g a n s  
e x t e n d e d ,  and t u l s t  a ro u n d  eac h  o t h e r  t o  f a c i l i t a t e  p e n e t r a t i o n .
C o i t u s  l a s t s  1 t o  2 m i n u t e s  b e f o r e  t h e  a n i m a l s  move a p a r t .  Both  
a d u l t s  l a y  eggs  a f t e r  m a t in g .
Egg Masses  and  Bags . Eggs (Type 3 ,  l l u r s t  1967)  (Tab le  2) a r e  l a i d  
in  t h e  form o f  a s p i r a l  w i t h  s e c o n d a r y  l o o p s  and  a r e  a t t a c h e d  t o  t h e  
s u b s t r a t u m  by a mucus r i b b o n  t h a t  l a c k s  e g g s .  The egg mass c o n t a i n s  
a p p r o x i m a t e l y  4 , 0 0 0  eg g s  e n c l o s e d  i n  a j e l l y  c y l i n d e r  w i t h i n  t h e  
m ass .  T h i s  s p i r a l  c y l i n d e r  i s  p i n c h e d  t o g e t h e r  a t  i n t e r v a l s  and s u b ­
s e q u e n t l y  fo rm s  c a p s u l e s  c o n t a i n i n g  from 1 t o  4 e g g s .  U s u a l l y  t h e  
c o n s t r i c t i o n s  form d i s t i n c t  c a p s u l e s  a t t a c h e d  t o  eac h  o t h e r  by a 
t h r e a d ,  b u t  o c c a s i o n a l l y  t h e  c o n s t r i c t i o n  i s  i n d i c a t e d  by a v e r y  
s l i g h t  i n d e n t a t i o n  i n  t h e  c y l i n d e r  o r  by c o m p le t e  i s o l a t i o n  o f  an 
egg c a p s u l e .  The eggs  d e v e l o p  i n  t h r e e  d ay s  a t  28 o /o o  t o  30 o /o o  
s a l i n i t y  and 23 to  28°C.
L a r v a l  D eve lopm en t . The d e v e lo p m e n t  ( T a b l e  3) i s  o f  Type 1 Thompson 
(1 9 6 7 ) .  The l a r v a e  have  u n i n f l a t e d  s h e l l s  and a n  o p e rc u lu m .  V e l l g e r s  
a r e  w e l l  d i f f e r e n t i a t e d  and f e e d -  T h e r e  a r e  no c o l o r  m a r k i n g s ,  e x c e p t  
t h e  a p p e a r a n c e  o f  r e d  s p o t s  a t  t h e  b a s e  o f  t h e  ve lum j u s t  b e f o r e  
s e t t l i n g -  A s m a l l  number o f  l a r v a e  were  o b s e r v e d  w i t h o u t  s h e l l s ,  o r  
c a s t i n g  o f f  s h e l l s .  The a n im a l  became d e t a c h e d  from t h e  s h e l l  by a 
s e r i e s  o f  r a p i d  t h r u s t s  and s h o r t  p e r i o d s  o f  r e s t .  They wou ld  f i n a l l y  
d e t a c h  o r  * u n p e e l ’ t h e  r e t r a c t o r  m u s c l e s  from t h e  i n s i d e  o f  t h e  s h e l l .  
The o b s e r v e d  ' s h e l l - l e s s '  a n i m a l s  s t i l l  p o s s e s s e d  a velum a n d  c o u l d  
swim- O b s e r v a t i o n s  were  made o f  a n i m a l s  c r a w l i n g  on h y d r o i d a  p l a c e d
in t h e  c o n t a i n e r s  f o r  t h a t  pu rpose .  The J u v e n i l e s  were t r i a n g u l a r  
o r  o v a l - s h a p e d  and covered with  c i l i a .  Hone of t h e  metamorphosed 
a n im a ls  were observed  p a s t  t h i s  s t a g e .
Cca tena  kaoruae (Marcus 1957)
( P l a t e  IB, F ig u r e s  6 and 15)
D i a g n o s i s . A s t o u t  a e o l id i f o r m  an imal  w i t h  s h o r t  neck and s imple  
r h i n o p h o r e s  and o r a l  t e n t a c l e s .  Dorsum p o s s e s s e s  g roups  o f  c e r a t a ,  
e a c h  c o n t a i n i n g  up to  17 c e r a t a .  A n t e r i o r  3 o r  4 g roups  i n  s im p le  
h o r s e s h o e  shapes  and p o s t e r i o r  g roups  a r r a n g e d  i n  rows.  Number of  
g r o u p s  o f  c e r a t a  and number of  c e r a t a  in  each g roup  depend on s i z e  
and age o f  an imals  (F igu re  6) ,  Foot w id e r  than  t h e  body and drawn 
o u t  i n t o  s h o r t  t e n t a c l e s  in f r o n t  and t a p e r e d  t o  a p o in t  p o s t e r i o r l y *  
Anus l o c a t e d  in  c l e i o p r o c t i c  p o s i t i o n  w i t h i n  t h e  second ho r s e s h o e  
of c e r a t a  on t h e  r i g h t  hand s i d e .  Color t r a n s l u c e n t  w i th  d rab  g r e y -  
brown h e p a t i c  d i v e r t i c u l u m .  C i r c l e s  o f  w h i t e  o c c u r  a t  t i p s  o f  c e r a t a  
and f a i n t - t o - b r i g h t  r u s s e t  s t r i p e s  on h e a d ,  one s t r i p e  on to p  of  
head and one on e i t h e r  s id e .  Colo r  in  t h e  h e p a t i c  d i v e r t i c u l a  becomes 
a lm o s t  salmon c o l o r  when fed Cyanea c a p i l l a t a  medusae .
O c c u r r e n c e . ( .^ k ao ruae  was c o l l e c t e d  i n  t h e  Chesapeake Bay a t  
s a l i n i t i e s  from 9 o /oo to  20 o /oo  and was r a r e l y  found In s a l i n i t i e s  
t o  30 o /o o  on th e  s e a s i d e  of V i r g i n i a ' s  E a s t e r n  S ho re .  Marcus (1972a) 
r e p o r t e d  t h e  an imal from Texas and as f a r  sou th  a s  B r a z i l .
S e a s o n a l i t y  and Food. The a d u l t s  a r e  c o l l e c t e d  t h ro u g h o u t  t h e  y e a r ,  
w i th  abundance peak ing  from June t o  mid-December.  Very sm al l  a d u l t s  
(under  4 mm), were c o l l e c t e d  in  Ju n e ,  November, and e a t l y  December.  
A d u l t s  (up to  30 mm, b u t  u sua l ly  15 to  22 mm) spawn in  May and June  




























































d u r i n g  S ep te m b er  t o  November. The a n i m a l s  a r e  found  I n  a s s o c i a t i o n  
w i t h  a v a r i e t y  o f  s u b s t r a t a ,  I n c l u d i n g  sand  and mud b o t t o m s ,  Ulya 
and o t h e r  m a r i n e  a l g a e ,  e e l  g r a s s  and o t h e r  a q u a t i c  m a r i n e  p l a n t s ,  
h y d r o i d s ,  s e a  s q u i r t s  and e s p e i c a l l y  on  o y s t e r  s h e l l s .  The n u d i -  
b r a n c h s  f e e d  on t h e  s c y p h i s to m a  s t a g e  o f  C h r y s a o r a  q u i n q u e c i r r h a  
and h y d r o i d  p o l y p s  i n  t h e  w i l d ,  w i th  q u i n q u e c i r r h a  p o l y p s  b e i n g  th e  
p r e f e r r e d  food i n  t h e  Chesapeake  Bay. A d u l t s  a r e  a l s o  fed  chopped 
m a n u b r i a  and t e n t a c l e s  o f  (]. q u l n q u e c l r r h a  and Cyanea c a p l l l a t a  medusae 
i n  t h e  l a b o r a t o r y  when p o ly p s  a r e  n o t  a v a i l a b l e .
H a t i n g . The  a d u l t s  have a s p e c i f i c  and e l a b o r a t e  c o u r t s h i p  and 
m a t in g  b e h a v i o r .  Animals a r e  r e a d y  to  ma te  when t h e  ab d o m in a l  a r e a  
i s  c o m p l e t e l y  f i l l e d  w i t h  m a tu r e  ova .  The n u d l b r a n c h s  a r e  q u i t e  
a n t a g o n i s t i c  and i f  n o n -m a t in g  a d u l t s  a r e  p l a c e d  i n  t h e  same b o w l ,  one 
would a t t a c k  and c a n n i b a l i s e  t h e  o t h e r .  M atu re  a d u l t s  e x h i b i t  s e n s i ­
t i v i t y  t o  eac h  o t h e r s  p r e s e n c e ,  and seldom c r a w l  f a r  a p a r t .  At f i r s t  
t h e y  c i r c l e  e a c h  o t h e r  and r u f f l e  t h e i r  r h i n o p h o r e s  and  c e r a t a .  Then 
th e y  b e g i n  t o u c h i n g  eac h  o t h e r s ’ c e r a t a ,  r h i n o p h o r e s  and  t e n t a c l e s ,  
r e c o i l i n g  a f t e r  t h e  f i r s t  few c o n t a c t s  (Vogel  1969 ,  1 9 7 0 ) ,  T h i s  
t o u c h i n g  becomes more f r e q u e n t  a s  t h e  a n i m a l s  move i n  i n c r e a s i n g l y  
s m a l l e r  c i r c l e s .  A f t e r  2 to 10 m in u te s  o f  c i r c l i n g ,  t h e  a n i m a l s  
t o u c h  t h e  a n t e r i o r  l o b e s  o f  t h e i r  f e e t  and h ead s  t o g e t h e r ,  w i t h  t h e i r  
d i s t e n d e d  p e n i s  i s  ex t e n d e d  and  th e  v a g i n a l  o p e n i n g s  n o t i c e a b l y  e n l a r g e d .
The a n i m a l s  r a i s e  up from t h e  s u b s t r a t e  a b o u t  o n e - f o u r t h  o f  t h e i r  
l e n g t h ,  f a c e  eac h  o t h e r ,  and j o i n  f o o t  t o  f o o t ,  and w i t h  a s l i g h t  
t w i s t  o f  t h e i r  b o d i e s ,  b r i n g  t h e i r  g e n i t a l i a  i n  c o n j u n c t i o n  so t h a t  
th e  p e n i s  o f  e a c h  a n im a l  i s  i n s e r t e d  i n t o  t h e  v a g i n a l  o p e n in g  o f  t h e  
o t h e r .  The two a n i m a l s  a r e  t h u s  t w i s t e d  a round  eac h  o t h e r  d u r i n g
c o p u l a t i o n  w i th  t h e  c e r a t a  markedly  spread o u tw a rd s ,  ao t h a t  t h e y  
l o o k  l i k e  one  I n d i v i d u a l  and v e r y  much l i k e  a s i n g l e  b a l l  of c e r a t a .
The two n u d i b r a n c h s  s t a y  in  t h i s  embrace f o r  from o n e - h a l f  t o  s i x  and 
o n e - h a l f  m i n u t e s .  During t h i s  i n t e r v a l ,  t h e r e  i s  s im u l tan e o u s  t r a n s f e r  
o f  sperm.  When t h e  c o p u l a t i o n  t ime i s  very s h o r t ,  t h e  nud ib ranchs  
u s u a l l y  r e p e a t  t h e  c o u r t s h i p  and co p u la te  a s  many a s  4 t im es  in  
s u c c e s s i o n .  The g e n i t a l i a  a r e  c l e a r l y  v i s i b l e  and e n l a r g e d  a t  t h e  
end of  c o p u l a t i o n .  A f i lm  of  w h i t e  mucus s u r ro u n d s  t h e  g e n i t a l  
a p p a r a t u s  a f t e r  c o p u l a t i o n  and i s  ea t e n  by th e  a n im a l .  During th e  
summer, J], kao ruae  began l a y i n g  egg masses w i t h i n  an hour  o r  two 
a f t e r  m a t in g .  In  w i n t e r  however, from one t o  f i v e  d ays  might  p a s s  
b e f o r e  egg l a y i n g  o c c u r s .  As many a s  f iv e  egg masses a r e  l a i d  by one 
n u d i b r a n c h  a f t e r  a s i n g l e  c o p u l a t i o n .  Copu la t ion  a p p e a r s  to  be needed 
f o r  egg l a y i n g  a l t h o u g h  sperm can be s to red  f o r  s e v e r a l  weeks f o r  
s u b s e q u e n t  spaw n ings .
Egg Mass and Eggs . Eggs a r e  l a i d  a t  v a r io u s  t im es  d u r i n g  the  day 
o r  n i g h t  i n  a g e l a t i n o u s  c y l i n d e r  t h a t  has a c h a r a c t e r i s t i c  s p i r a l  
w i t h  s e c o n d a ry  l o o p s ,  and i s  a t t a c h e d  to t h e  s u b s t r a tu m  by an egg-  
l e s s  mucus band (Type B, h u r s t  1967) (Table 2 ) .  Egg masses  a r e  o f t e n  
fo u n d  a t t a c h e d  t o  a l g a e ,  hydro ids  o r  o th e r  s e s s i l e  o rg a n i s m s .  The 
l e n g t h  o f  t h e s e  egg masses ranges  from 40 nun t o  150 turn, w i th  t h e  
a v e r a g e  b e in g  a b o u t  65 mm. The l a r g e s t  egg masses a r e  d e p o s i t e d  by 
t h e  l a r g e s t  i n d i v i d u a l s .  I t  t a k e s  one h a l f  t o  two h o u r s  fo r  C. 
k a o r u a e  to  d e p o s i t  an egg mass.  Fewer eggs o c c u r  in  eac h  s u c c e s s i v e  
egg mass d e p o s i t i o n .  A f t e r  t h e  an imal s to p s  l a y i n g  eggs  i t  does n o t  
m a te  a g a i n  u n t i l  t h e  whole abdominal  cav i ty  i s  r e f i l l e d  w i th  m a tu re  
e g g s .  The number o f  egg c a p s u l e s  in  the g e l a t i n o u s  mass can exceed
9 2
1 ,0 0 0 .  The egg  c a p s u l e s  a r e  a r r a n g e d  i n  a t i g h t  s p i r a l  w i t h  eac h  
c a p s u l e  c o n t a i n i n g  f r o m  one  t o  f i v e  eggs r a n g i n g  i n  s i z e  from 65 t o  
100 m i c r o n s .  Whan two o r  more eggs  o c c u r  i n  t h e  same c a p s u l e ,  e a c h  
egg i s  s l i g h t l y  s m a l l e r  t h a n  when on ly  one  i s  p r e s e n t .  Development 
b e g i n s  a s  s o o n  as t h e  eggs  a r e  l a i d .  S i n c e  i t  can  t a k e  two h o u r s  
f o r  an  egg m a s s  t o  b e  l a i d ,  t h e  eggs  l a i d  f i r s t  a r e  a l r e a d y  d e v e l o p i n g  
b e f o r e  t h e  l a s t  p a r t  o f  t h e  mass  i s  l a i d .  I t  i s  f o u n d  t h a t  eggs  w i l l  
no t  d e v e l o p  o u t s i d e  t h e  egg mass  p a s t  e a r l y  b i a s t u l a  s t a g e ,  b e c a u s e  
when removed from t h e  egg mass  f o r  s t u d y ,  deve lopm en t  t e r m i n a t e d  
q u i c k l y ,  f o l l o w e d  by d i s i n t e g r a t i o n .  T h i s  i n d i c a t e s  t h a t  t h e  f u n c t i o n  
o f  t h e  g e l a t i n o u s  p o r t i o n  o f  t h e  egg mass may be o s m o r e g u l a t i o n  o r  
p r o t e c t i o n  f ro m  b a c t e r i a ,
l a r v a l  D e v e lo p m e n t , The  t i m e s  f o r  t h e  d e v e l o p m e n t a l  s t a g e s  a r e  l i s t e d  
i n  T a b l e  1 0 .  C l e a v a g e s  a r e  h o l o b l a s t i c  and  s p i r a l ,  b u t  n o t  n e c e s s a r i l y  
s y n c h r o n o u s .  Development i s  of  Type 1 (Thompson 1 967)  ( T a b l e  3 ) ,  
h a t c h i n g  t a k e s  p l a c e  t h r e e  o r  f o u r  days  a f t e r  t h e  e g g s  a r e  l a i d .
The egg c a p s u l e  s u r r o u n d i n g  t h e  v e l i g e r ,  o r  v e l i g e r s ,  c o l l a p s e s ,  
l e a v i n g  t h e  a n i m a l ( s )  t i g h t l y  e n c a s e d .  The v e l i g e r  b e a t s  i t s  c i l i a  
and r e l a x e s  s e v e r a l  t i m e s ,  som et im es  f o r  s e v e r a l  h o u r s ,  u n t i l  t h e  
membrane i s  b r o k e n .  The  c i l i a  and v e l a r  f l a p s  a r e  p u s h e d  o u t  f i r s t ,  
a f t e r  t h e  c a p s u l e  i s  b r o k e n ;  and t h e  h a t c h i n g  p r o c e s s  i s  t h e n  c o m p le t e d  
w i t h i n  t h i r t y  m i n u t e s .  The egg c a p s u l e  i s  l e f t  t o  d i s i n t e g r a t e  a s  t h e  
an im a l  swims away.  The  v e l i g e r s  a r e  100 t o  175 m i c r o n s  i n  l e n g t h  and 
c o n t a i n  no p ig m e n t  s p o t s .  They can  be i d e n t i f i e d  by t h e i r  s i z e  and 
by s i x  t o  t e n  c h a r a c t e r i s t i c ,  somewhat p a r a l l e l  r i d g e s  on t h e  s h e l l .  
They d e v e l o p  a  red  p ig m e n t  s p o t  on t h e  p r o x i m a l  p o r t i o n  o f  e a c h  v e l a r  
f l a p  a f t e r  two weeks.  The v e l i g e r s  swim f o r  two w eeks  a f t e r  h a t c h i n g ,
T able 10 . Developm ent o f  C ratena kaoruae a t  256C.
s t a g e  t im e
f i r s t  p o l a r  body 60 m i n u t e s  a f t e r  l a y i n g
seco n d  p o l a r  body 70 t o  1 1 0  m i n u t e s
f i r s t  c l e a v a g e 1 0 0  t o  1 2 0  m i n u t e s
seco n d  c l e a v a g e 170 m i n u te s
t h i r d  c l e a v a g e 2 0 0  m i n u te s
b l a s t u l a 9 h o u r s
t r o c h o p h o r c 24 h o u r s
s h e l l  a p p e a r a n c e 36 h o u r s
v e l i g e r 4B h o u r s
H a tc h in g 3 - 4  days
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f e e d i n g  on s m a l l  d i a t o m s .  S e t t l i n g  and tne tamorphos ia was n o t  o bse rved  
i n  t h e  l a b o r a t o r y .
Rem arks .  I  p r o p o s e  t h a t  t h e  s p e c i e s  C r a t e n a  p i l a t a  shou ld  r e m a in  
d i v i d e d  i n t o  two s p e c i e s ;  C. p i l a t a  and  C, k a o r u a e . on t h e  b a s i s  o f  
t h e  f o l l o w i n g  o b s e r v a t i o n s  and  c o m p a r i s o n s .
C r a t e n a  p i l a t a  was d e s c r i b e d  by A. A. Could in 1870 a s  
A e o l i s  p i l a t a . I t  was  r e p o r t e d  from M a s s a c h u s e t t s  to  North C a r o l i n a  
b y  v a r i o u s  a u t h o r s  ( J o h n s o n  1934 ,  Kepner  1943,  Franz 1970 and  Abbott  
1974)  . The a n i m a l  was r e - d e s c r i b e d  by F ra n z  (1968) who gave an  
I n t e r n a l  a n a t o m i c a l  d e s c r i p t i o n  b u t  l e f t  t h e  e x t e r n a l  to a s i m p l e  
" O t h e r  a s p e c t s  o f  t h e  e x t e r n a l  a p p e a r a n c e  and c o l o r  a r e  d e s c r i b e d  
b y  Gou ld  (1870)  a n d  Moore ( 1 9 6 4 ) . "  The a n i m a l  s t u d i e d  In t h e  Chesapeake 
Bay f i t s  F r a n z ’ s (1968 )  d e s c r i p t i o n  o f  t h e  i n t e r n a l  anatomy and  r a d u l a ,  
a l s o  v e r i f i e d  by F r a n z  ( p e r s o n a l  c o m m u n ic a t io n ) .  The C ra t e n a  p i l a t a  
c o l l e c t e d  from t h e  E a s t e r n  S h o re  ( S e a s i d e )  o f  V i r g i n i a  f i t s  G o u l d ' s  
d e s c r i p t i o n  of  t h e  e x t e r n a l  a p p e a r a n c e  o f  C r a t e n a  p i l a t a . However,  
t h e  e x t e r n a l  s t r u c t u r e s  and a p p e a r a n c e  d i f f e r  from the  an im al  a l s o  
c a l l e d  C r a t e n a  p i l a t a  f o u n d  i n  Chesapeake  Bay.  Marcus (1957)  d e s c r i b e d  
C r a t e n a  k a o r u a e  f rom  B r a z i l  and  n o r t h  t o  N or th  C a r o l in a .  I t  was  l a t e r  
com pared  t o  F r a n z ’ s  C r a t e n a  p i l a t a , and  the  two spec ie s  were  c o n s i d e r e d  
t o  be  t h e  same (M arcus  1 9 7 2 ) .  I b e l i e v e  t h a t  Kepner (1943) a l s o  worked 
w i t h  k a o r u a e . T h i s  s p e c i e s  d i f f e r s  e x t e r n a l l y  from Gould ’ s (1870) 
C r a t e n a  ( T a b l e  11 )  by g e n e r a l  s h a p e  and c o l o r .  The carmine s t r i p e  
o u t l i n e d  i n  s i l v e r y  d o t s  f o u n d  on th e  dorsum o f  C. p i l a t a  ( G o u l d ' s  
C r a t e n a ) i s  v e r y  s t r i k i n g  and n o t i c e a b l e  even  i n  t h e  s m a l l e s t  an im a l s .  
The r u s s e t  3 t r i p e  o f  k a o r u a e  (M arcu s ’ C r a t e n a ) i s  u s u a l l y  n o t i c e a b l e ,  
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a n i m a l  i s  p r e s e r v e d  i n  a l c o h o l  and t h e n  f a d e s  I n  a few d a y s .
C o u ld  (1870 )  d i d  n o t  g i v e  a d e s c r i p t i o n  of  t h e  I n t e r n a l  
c h a r a c t e r s  o f  h i s  C r a t e n a  p i l a t a . I  f o u n d  d i f f e r e n c e s  i n  t h e  r a d u la  
and  j a w s .  The  Jaws a r e  s i m i l a r  I n  s h a p e  in  b o t h  c a s e s ,  b u t  t h e  c o lo r  
o f  p i l a t a  J aw s  I s  f rom  p a l e  y e l l o w  t o  c l e a r ,  w h i l e  k a o ru a e  jaws 
r a n g e  f rom  y e l l o w  t o  b ro w n .  R a d u l a r  t e e t h  o f  k a o r u a e  p o s s e s s  4-7 
c u s p s  a r o u n d  a  much l a r g e r  c e n t r a l  c u s p ,  h u t  l a c k  b i f u r c a t e  c u s p s .
,£* p i l a t a  r a d u l a r  t e e t h  may have  4 - 8  c u s p s  a r o u n d  t h e  c e n t r a l  cusp .
The  l e a s e r  c u s p a  a r e  f r e q u e n t l y  b i f u r c a t e .  The o d o n to p l io r e  of  
p i l a t a  i s  w i d e r ,  c a u s i n g  t h e  a t t a c h m e n t  p r o j e c t i o n s  o f  t h e  r a d u l a r  
t e e t h  t o  be  s p r e a d  f u r t h e r  a p a r t  t h a n  t h o s e  o f  C_. k a o r u a e . The egg 
m a s s e s  o f  t h e  two s u b s p e c i e s  a r e  s u p e r f i c i a l l y  s i m i l a r ,  b u t  t h e  
a r r a n g e m e n t  o f  t h e  e g g s  w i t h i n  t h e  m a s s e s  i s  d i f f e r e n t  ( T a b l e  12,
P l a t e  1 8 ) .  The  c o u r t s h i p  i s  more e l a b o r a t e  i n  k a o r u a e ■ p i l a t a
was  c o l l e c t e d  i n  t h i s  s t u d y  o n l y  f ro m  t h e  s e a s i d e  of  t h e  E a s t e r n  Shore 
i n  s a l i n i t i e s  f rom  30 t o  32 o / o o ,  w h i l e  C_, k a o r u a e  was found in  
C h e s a p e a k e  Bay i n  s a l i n i t i e s  o f  9 t o  21 o / o o  and  o c c a s i o n a l l y  a t  
h i g h e r  s a l i n i t i e s  o f  28 t o  30 o / o o  o n  t h e  s e a s i d e  o f  t h e  E a s t e r n  Shore.
F a m i ly  G l a u c i d a e
G la u c u s  a t l a n t i c u s  F o r s t e r  1777 
( P l a t e  14,  F i g u r e  7)
A d u l t  s i l v e r y  w h i t e  o r  y e l l o w  on t h e  d o r s a l  s u r f a c e  and 
l i g h t - b l u e ,  w i t h  d a r k - b l u e  and  w h i t e  s t r i p e s  on t h e  v e n t r a l  s u r f a c e ,  
C e r a t a  c lum ped  on p e d u n c l e s  ( t h r e e  p e d u n c l e s  on e a c h  s i d e )  and v i v i d  
b l u e .  A d u l t  u p  t o  50 mm l o n g .
a t l a n t l c u a  was  n o t  c o l l e c t e d  in  t h i s  s t u d y  b u t  has been 
r e p o r t e d  a t  V i r g i n i a  B e a c h ,  V i r g i n i a .  F i v e  i n d i v i d u a l s  w ere  washed
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a s h o r e  a l o n g  w i t h  t h e  e l p h o n o p h o re s  V e l e l l a  and  P o r p i t a . I t  l a  one 
o f  t h e  few p e L a g ic  n u d i b r a n c h s .  A b b o t t  (1974 )  n o t e s  t h a t  t h e y  sw a l low  
a i r  f o r  b o u y a n c y .  G* a t l a n t l c u a  i s  c i r c u m t r o p i c a l  { A bbo t t  1974) 
o c c a s i o n a l l y  w ash ing  o n t o  V i r g i n i a  b e a c h e s  i n  l a t e  summer.
Remarks. B e c a u s e  t h e s e  a n i m a l s  f l o a t  u p s i d e  down on t h e  s u r f a c e  of  
t h e  w a te r ,  m os t  I l l u s t r a t i o n s  and  p h o t o g r a p h s  t a k e n  o f  them ( w i th  
s t r i p e s )  a r e  o f  t h e  u n d e r s i d e .  The  f o o t  and  I t s  o u t l i n e s  a p p e a r  a s  
s t r i p e s .  The  d o r s a l  s u r f a c e  i s  p l a i n .
DISCUSSION
Z o o g eo g ra p h y . Even th ough  s e v e r a l  s t a t i o n s  I n  t h e  Chesapeake  
Bay and on t h e  E a s t e r n  S h o re  bays  w e re  s am pled  i n t e n s i v e l y ,  t h e r e  i s  
l i t t l e  doubt  t h a t  a d d i t i o n a l  s p e c i e s  o f  s h e l l - l e s s  o p i s t h o b r a n c h s  occur  
i n  t h i s  a r e a .  However, d i v e r s i t y  a p p e a r s  t o  be lo w er  h e r e  t h a n  i n  
New Eng land  and r e g i o n s  f u r t h e r  s o u t h  ( C l a r k  1975 ,  C a l d e r  1 968 ) ,  The 
s t u d y  a r e a  i s  l o w - l y i n g  and  composed o f  s a l t  m a r s h e s ,  mud f l a t s  and 
u n s t a b l e  b o t t o m s .  Except f o r  s h e l l s  and a r t i f i c i a l  p i l i n g s ,  j e t t i e s  
and  b u l k h e a d s ,  t h e r e  a r e  no  h a r d  s u b s t r a t e s .  T h e r e  i s  a w id e  r a n g e  
o f  t e m p e r a t u r e  f rom 0°C t o  30°C and  a s a l i n i t y  r a n g e  from hom o io h a l in e  
t o  p o i k i l o h a l i n e . New E n g lan d  i s  c h a r a c t e r i z e d  by  i t s  r o c k y  c o a s t ­
l i n e  which p r o v i d e s  c o n s i d e r a b l e  a r e a  f o r  a t t a c h m e n t  o f  o rg a n i s m s  
s u c h  a s  a l g a e ,  s p o n g e s ,  b r y o z o a n s  and c n i d a r i a n s .  T r o p i c a l  a r e a s  
h a v e  c o r a l  r e e f s  t h a t  p r o v i d e  h a rd  s u b s t r a t e s .  D i v e r s i t y  i n  s h e l l -  
l e s s  o p i s t h o b r a n c h s  depends  on t e m p e r a t u r e ,  s a l i n i t y ,  s u b s t r a t u m  and 
fo o d .  S a l i n i t y  In  Chesapeake  Bay r e s t r i c t s  n u d i b r a n c h s  t o  t h o s e  w a t e r s  
ab o v e  5 - 7 ^ 0 0 . W i th in  t h e  s a l i n i t y  l i m i t s ,  s p e c i e s  p r e s e n c e  depends  on 
b o t t o m  ty p e  and fo o d .  The o p i s t h o b r a n c h s  I  s t u d i e d  a r e  m a in ly  b e n t h i t  
a s  i s  t h e i r  f o o d .  Most o f  t h e  p r e y  s p e c i e s  a r e  found  on s h e l l s ,  
p i l i n g s  and o t h e r  hard  s u b s t r a t a ,  a l t h o u g h  some a t t a c h  t o  s o f t e r  
s u b s t r a t a  such  Z o s t e r a , R u p p ia  and v a r i o u s  a l g a e .  A dequa te  
s u b s t r a t a  f o r  p r e y  s p e c i e s  i s  e s s e n t i a l  f o r  o p i s t h o b r a n c h  s u r v i v a l  
b e c a u s e  t h e  l a r v a e  w i l l  n o t  s e t t l e  and meto tnorphose u n l e s s  t h e  l i v i n g  
a d u l t  food  i s  p r e s e n t  (Thompson 1 9 5 8 ) ,  I o b s e r v e d  on many o c c a s i o n s
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s i m i l a r  a r e a s  o n l y  m e t e r s  a p a r t t i n  which one  c o n t a i n e d  many 
o p i s t h o b r a n c h s  and  t h e  o t h e r  n o n e .  The a r e a  w i th  t h e  o p i s t h o b r a n c h s  
som et im es  c o n t a i n e d  s h e l l s ,  an e e l  g r a s s  bed  o r  o t h e r  s u i t a b l e  sub­
s t r a t a .  Because t h e  a n i m a l s  a r e  p r e d o m i n a n t l y  p r e y  s p e c i f i c ,  i t  i s  
even  more i m p o r t a n t  t h a t  t h e  p r o p e r  s u b s t r a t u m  i s  a v a i l a b l e  to  th e  
p r e y .
The 21 s p e c i e s  o f  s h e l l - l e s s  o p i s t h o b r a n c h  f a u n a  of t h i s  a r e a  
may be c o n s i d e r e d  im p o v e r i s h e d  i n  te rm s  o f  numbers o f  s p e c i e s ,  as  
compared  w i t h  37 n o t e d  by F ran z  (1970) from New E ng land ,  47 by 
Marcus  and Marcus (1966)  f rom t r o p i c a l  a r e a s  and 6 6  by McFarland 
(1966) f rom  t h e  w e s t  c o a s t .  F ranz  (1976) s t a t e s  t h a t  t h e  fauna  of  
e a s t e r n  N o r t h  A mer ica  i s  m i n i m a l l y  d i v e r s e  r e l a t i v e  t o  t h e  n o r t h e a s t  
A t l a n t i c .  He n o t e s  t h i s  may be due t o  t h e  u n s t a b l e  e n v i ro n m en t .  A 
m a jo r  r e a s o n  f o r  low d i v e r s i t y  c o u l d  be t h e  geomorphology  o f  th e  c o a s t ­
l i n e .
A c o n s i d e r a b l e  amount o f  work on w e s t e r n  N o r th  A t l a n t i c  o p i s t h o ­
b r a n c h  zoo g eo g ra p h y  has  b e e n  done by  F ran z  and h i s  s t u d e n t s  (Franz 
1970 ,  1975;  Meyer 1971 ,  C l a r k  1 9 7 5 ) .  New England  o p i s t h o b r a n c h s  a r e  
p r e d o m i n a n t l y  a m p h i - A t l a n t i c  (F ra n z  1970) ,  The p e r c e n t a g e  of amphi-  
A t l a n t i c  n u d i b r a n c h s  r a n g e s  from 78.5% i n  n o r t h e r n  New England and 
Nova S c o t i a  t o  33% i n  t h e  C h es ap ea k e  Bay a r e a .  T h i s  does  no t  i n c l u d e  
G la u c u s  a t l a n t i c u s , a  c i r c u m t r o p i c a l  p e l a g i c  an im a l  which  does  no t  
f i t  Ekman 's  (1953) d e f i n i t i o n  o f  a m p h i - A t l a n t i c .  T h e re  i s  a t o t a l  o f  
27% a m p h i - A t l a n t i c  o p i s t h o b r a n c h s  i n  t h e  s t u d y  a r e a ,  w i t h  21.7% 
a m p h i b o r e a l  and 4.3% (1 s p e c i e s )  d i s c o n t i n u o u s  a m p h i - A t l a n t i c .  The 
o t h e r  73% i s  r e s t r i c t e d  t o  t h e  W es te rn  A t l a n t i c .  Marcus  (1961) 
s u g g e s t s  t h a t  b e c a u s e  t h e  A t l a n t i c  was once  n a r r o w e r  th a n  a t  p r e s e n t  
t h e  l a r v a e  of d i s c o n t i n u o u s  a m p h i - A t l a n t i c  o p i s t h o b r a n c h s ,  such as
D o r i s  v e r r u c o s a , were  more a b l e  t o  m i g r a t e  f rom  o n e  c o a s t  t o  t h e  
o t h e r .  P l a c i d a  d e n d r i t l c a  i s  a  s a c o g l o s s a n  w i t h  a T e t h y i a n  d i s t r i b u t i o n  
(Marcus 1961).  This  a n i m a l ’s r e l a t i v e l y  l o n g  l a r v a l  l i f e  f a c i l i t a t e s  
a  v i d e  d i s t r i b u t i o n .
A v e i l  known c l a s s i f i c a t i o n  o f  W es te rn  A t l a n t i c  z o o g e o g r a p h i c a l  
p r o v i n c e s  i s  t h a t  of  S te p h e n so n  and S te p h e n so n  ( 1 9 5 4 ) .  They  i n c l u d e d  
t h e s e  p r o v in c e s  in  t h e i r  scheme: A r c t i c  -  l i m i t  n o r t h  o f  L a b r a d o r ;
s u b a r c t i c  o r  S t y r e n s i a n  -  L a b ra d o r  t o  Gulf  o f  S t .  Law rence ;  A c a d ia n  -  
s u b a r c t i c  to  Cape Cod{ C a r o l i n i a n  -  Cape H a t t e r a s  t o  Cape C a n a v e r a l ,
The so  c a l l e d  V i r g i n i a n  p r o v i n c e ,  from Cape Cod t o  Cape H a t t e r a s ,  was 
c o n s i d e r e d  by them t o  be  a t r a n s i t i o n  zone b e t w e e n  th e  A c a d i a n  and  
C a r o l i n i a n  p ro v in c e s .  B r i g g s  (1974) d i v i d e s  t h e  Weste rn  N o r t h  
A t l a n t i c  i n t o  f o u r  p r o v i n c e s :
A r c t i c —t o  Gulf  o f  S t .  Lawrence
Weste rn  A t l a n t i c  B o r e a l — from G u l f  of  S t .  Lawrence  t o  Cape
H a t t e r a s  ( c o ld  t e m p e r a t e )
C a r o l i n a —Cape H a t t e r a s  t o  Cape Romano, F l o r i d a  (warm t e m p e r a t e )
C a r ib b ean — F l o r i d a  s o u t h  ( t r o p i c )
The a r e a  from Cape Cod t o  Cape H a t t e r a s ,  t h e  ' V i r g i n i a n '  p r o v i n c e  i s  
c o n s i d e r e d  merely t h e  s o u t h e r n  p o r t i o n  of  t h e  c o l d  t e m p e r a t e  f a u n a .
Cape H a t t e r a s  I s  a b r e a k  p o i n t  s p e c i f i c a l l y  b e c a u s e  o f  t h e  G u l f  
S t r e a m .  The Gulf  S t ream  f lo w s  n o r t h e a s t e r l y  a l o n g  t h e  A t l a n t i c  c o a s t ­
l i n e  t o  Cape H a t t e r a s  where  i t  v e e r s  o f f  s h o r e  i n  a  more e a s t e r l y  
d i r e c t i o n ,  Briggs (1974) s t a t e s  t h a t  t h e  most  i m p o r t a n t  z o o g e o g r a p h i c  
f u n c t i o n  of  the  Gulf  S t r eam  i s  t o  form an e f f e c t i v e  b a r r i e r  b e t w e e n  a 
c o l d - w a t e r  a rea  to  t h e  n o r t h  and t h e  warm w a t e r  o f  t h e  S a r g a s s o  Sea 
on t h e  s o u t h e a s t .  The c o l d ,  l o w - s a l i n i t y  w a t e r  formed  o f f  New England
102
f l o w s  sou thw ards  a l o n g  th e  A t l a n t i c  c o a s t  t o  Cape H a t t e r a s  { B e a r d s l e y ,  
B o i c o u r t  and Hansen 1976) ,  T h i s  c o l d  c u r r e n t  I n f l u e n c e s  t h e  f a u n a  and 
a l s o  seems t o  p r o v i d e  t h e  means f o r  l a r v a l  fo rms  o f  n o r t h e r n  o p i s t h o -  
b r a n c h s  such  a s  Doto co ro r ta ta  t o  b e  c a r r i e d  i n t o  more s o u t h e r n  w a t e r s .
Comparisons  o f  o p i s t h o b r a n c h s  from t h e  s t u d y  a r e a  t o  o t h e r  a r e a s  
on t h e  Weste rn  A t l a n t i c  r e i n f o r c e  B r i g g s '  (1974)  s t a t e m e n t  t h a t  t h e  
m i d - A t l a n t i c  r e g i o n  I s  on ly  an e x t e n s i o n  o f  t h e  W es te rn  A t l a n t i c  
B o r e a l  P r o v i n c e !  a l t h o u g h  t h e r e  i s  some o v e r l a p  o f  s p e c i e s  (T a b le  13)■ 
The months o f  c o l l e c t i o n  of  t h e  s p e c i e s  found  on b o t h  s i d e s  o f  t h e  
E a s t e r n  Shore c o v e r e d  a p e r i o d  o f  19 months (T a b le  1 4 ) .  Months w i t h  
t h e  g r e a t e s t  number o f  s p e c i e s  p r e s e n t  a r e  S e p te m b e r ,  November,  
December and J a n u a r y ,  The s i m i l a r i t y  of s h a l l o w  w a t e r  o p i s t h o b r a n c h  
f a u n a  between n o r t h e r n  and s o u t h e r n  w a t e r s  d e c r e a s e s  n o r t h w a r d ,
Marcus  (1961) found 72K o f  t h e  o p i s t h o b r a n c h s  i n  Miami and 62% 
o f  t h e  o p i s t h o b r a n c h s  i n  B e a u f o r t ,  North C a r o l i n a  and i n  s o u t h e r n  
m i d d l e  B r a z i l ,  In  t h e  Chesapeake  Bay r e g i o n ,  t h i s  a f f i n i t y  has  
d e c r e a s e d  t o  35%, i n d i c a t i n g  a b r e a k  p o i n t  a t  Cape H a t t e r a s .
P h e n o lo g y . Of t h e  o p i s t o b r a n c h s  found i n  t h i s  s t u d y ,  10 a r e  
h e r b i v o r o u s  ( a p l y s i i d s  and s a c o g l o s s a n s )  and 13 a r e  c a r n i v o r o u s  
( n u d i b r a n c h s ) .  Two o f  the  c a r n i v o r e s ,  B o r i s  v e r r u c o s a  and D o r i o p a l l l a  
p h a r p a , feed on s p o n g e s ;  f o u r  e a t  on b r y o z o a n s ,  f i v e  consume h y d r o i d s  
and scyphozoans  and o n e ,  G lau cu s  a t L a n t i c u s , f e e d s  on p e l a g i c  s i p -  
ho n o p h o re s .  Animals  w i th  a S t a b l e  food  s u p p l y ,  such  a s  I), p h a r p a , 
a r e  p r e s e n t  and a b u n d a n t  a l l  y e a r .  Those t h a t  a r e  a b l e  t o  change  
t h e i r  food s e a s o n a l l y  a r e  a l s o  p r e s e n t  a l l  y e a r  ( D o r i d e l l a  o b s c u r a ) . 
O th e r  a n im a l s  h a v i n g  u n s t a b l e  food s u p p l i e s  o r  l i m i t e d  t e m p e r a t u r e  
t o l e r a n c e s  may move t o  deeper  w a t e r  (ou t  o f  t h e  c o l l e c t i o n  s c o p e
T a b l e  1 3 . L i s t  o f  O p i s t h o b r a n c h s  from Chesapeake  Bay 
and V i r g i n i a ’ s  E a s t e r n  Shore
W. A t l a n t i c  B o r e a l  
Amphi-  A c a d ia n  V i r g i n i a n  C a r o l i n i a n
S p e c i e s A t l a n t i c p r o v i n c e p r o v i n c e p rov inc
A p l y s l a  v i l l c o x i + +
P h y l l a p l v s i a  e n g e l i +
E l y s i a  c h l o r o t l c a + + -V
E l v s i a  c a t u l u s + + +
Henna e a c r u c i a t e + +
P l a c i d a  d e n d r i t i c a + +
E r c o l a n i a  v a n e l l u s + +
E r c o l a n l a  sp . +
S t l l l g e r  f a s c a t u s + +
A l d e r l a  modesta + + +
D o r i s  v e r r u c o s a + + + +
P o l v c e r e l l a  e m e r t o n l +
A c a n th o d o r f s  p i l o s a + + + +
Okenla  c u p e l l a +
D o r i d e l l a  o b s c u r a + + +
D o r l o p s i l l a  p h a rp a + + -f
Doto c o r o n a t a + + + +
T e n e l l i a  a d s p e r s u s + + + +
T e n e l l i a  f u s c a t a +
T e n e l l i a  sp . +
C r a t e n a  p i l a t a + +
C r a t e n a  k a o ru ae +
G lau cu s  a t l a n t i c u s + +
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o f  t h i s  s t u d y )  o r  d i e .  The p o p u l a t i o n  would t h e n  n e e d  t o  be  r e ­
c r u i t e d  from unknown s u b s t r a t e  h a b i t a t s  and r e p o p u l a t e d  e a c h  s e a s o n .  
P o p u l a t i o n s  of  p r e y - s p e c i f i c  s p e c i e s  ( E l y s i a  c a t u l u s , D o r l o p g i l l a  
p h a r p a  and  o t h e r s )  can  be dec imated  i f  a d i s a s t e r  removes  t h e  fo o d  
s p e c i e s .  T r o p i c a l  S to rm Agnes In  1972 d i d  much damage to  t h e  
Z o s t e r a  community i n  Chesapeake Bay (O r th  1 9 7 6 ) .  As a  c o n s e q u e n c e ,
E l y s i a  c a t u l u s  has  d i s a p p e a r e d .  T h i s  s p e c i e s  a p p a r e n t l y  has  po o r  
r e c r u i t m e n t  and h a s  n o t  r e p o p u la t e d  t h e  Bay,  even  i n  a r e a s  o f  Z o a t e r a  
r e g r o w t h .  In New E n g la n d ,  C la rk  (1975) r e p o r t s  E. c a t u l u s  spaw n ing  
In June  and J u l y  and th e n  d i s a p p e a r i n g  u n t i l  l a t e  A u g u s t .  I t  h a s  
o n ly  one  spaw ning  s e a s o n  a y ea r .  L i t t l e  e l s e  i s  known a b o u t  i t s  
h a b i t s .  D o r i o p s i l l a  pha rpa  i s  a n o t h e r  p r e y - s p e c i f i c  o p i s t h o b r a n c h  
h a v i n g  o n l y  one spaw ning  p e r i o d  a  y e a r .  I f  t h e  sp o n g e  food  o f  EL 
p h a r p a  d i s a p p e a r s ,  t h e  n ud lb ranch  soon f o l l o w s .  R e c r u i t m e n t  would 
be s lo w ,  i f  a t  a l l ,  b e c a u s e  o f  t h e  Type 3 d e v e l o p m e n t  o f  I). p h a r p a .
P r o b a b l y  t h e  b e s t  way o f  r e i n t r o d u c t i o n  of  s u c h  a s p e c i e s  would be 
th ro u g h  I n t r o d u c t i o n  o f  prey sponges .
Chesapeake  Bay i s  the  s o u th e r n  l i m i t  f o r  29% o f  t h e  s p e c i e s  i n  
t h e  s t u d y  a r e a  ( 6  s p e c i e s )  and th e  n o r t h e r n  l i m i t  f o r  4.33! o f  t h e  s p e c i e s  
(1 s p e c i e s ) .  T h re e  s p e c i e s  have been  found  o n l y  i n  t h e  Chesapeake  Bay,  
p r o b a b l y  b e c a u s e  t h e y  have  not  y e t  been  d i s c o v e r e d  e l s e w h e r e -  I t  i s  
u n l i k e l y  t h a t  any s p e c i e s  a r e  r e s t r i c t e d  t o  t h e  C h es ap ea k e  Bay a r e a ,  
due to  c o n s i d e r a t i o n s  d i s c u s s e d  p r e v i o u s l y .
U n t i l  r e c e n t l y ,  many s t u d i e s  o f  o p i s t h o b r a n c h s  d i d  n o t  i n c l u d e  
d a t a  on s e a s o n a l  d i s t r i b u t i o n  o f  t h e  a n i m a l s .  A c o n s i d e r a b l e  number 
o f  s p e c i e s  l i s t s  w ere  based  on one o r  two s a m p l e s .  More r e c e n t l y  
how ever ,  s t u d i e s  I n c l u d e d  phenology and have g i v e n  d e t a i l e d  o p i s t h o b r a n c h
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l i f e  c y c l e s  and s e a s o n a l  abundance  (C la rk  1975,  Nybakken 1974,
M i l l e r  196Z) .  These  s t u d i e s  r e q u i r e  s a m p l in g  v a r i o u s  s t a t i o n s  
p e r i o d i c a l l y  f o r  a t  l e a s t  one y e a r .  O b s e r v a t i o n s  f rom Wachapreague 
in c lu d e d  y e a r - r o u n d  s a m p l i n g ,  w h i l e  e a r l i e r  o b s e r v a t i o n s  a t  th e  
Chesapeake B i o l o g i c a l  l a b o r a t o r y  w e re  made i n  a l l  b u t  t h e  c o l d e s t  
months— December t o  March* However r e c e n t  e x p e r i e n c e  h a s  c o n f i rm e d  
t h a t  y e a r - r o u n d  sam p l in g  i s  e s s e n t i a l  t o  c o l l e c t i n g  and u n d e r s t a n d i n g  
o p i s t h o b r a n c h s  i n  t h i s  a rea*  The mos t  s p e c i e s  were  c o l l e c t e d  in  
the  months of  November, December,  J a n u a r y  and September  (Tab le  1 4 ) .
Some o f  t h e  an im als  a r e  p r e s e n t  a t  o t h e r  t i m e s  of t h e  y e a r ,  a s  w e l l  
a s  the  w i n t e r  months.  I n c l u s i o n  o f  a d d i t i o n a l  c o l l e c t i o n  d a t a  does  
not  a p p r e c i a b l y  change  t h e  numbers o f  s p e c i e s  found eac h  month 
(Tables  15 and l b ) .
C l a r k  (1975) found  t h a t  most  o f  the  n u d l b r a n c h i a t e  ( s h e l l - l e s s  
o p i s t h o b r a n c h s  e x c l u d i n g  ap ly s io m o rp h s )  s p e c i e s  i n  C o n n e c t i c u t  w a t e r s  
have p e a k  r e p r o d u c t i v e  a c t i v i t y  and  p o p u l a t i o n  s i z e  t n  l a t e  s p r i n g  
and e a r l y  summer. Because  of  a l a g  t ime o f  s e v e r a l  months  be tween  
d i s a p p e a r a n c e  o f  a d u l t s  and a p p e a r a n c e  of J u v e n i l e s ,  he c o n c l u d e s  
t h a t  n u d i b r a n c h i a t e  s p e c i e s  which me tamorphose  and s e t t l e  i n  C o n n e c t i c u t  
a r e  spawned e l se w h e re  (C la rk  1975) . The same type of  s i t u a t i o n  may 
be  p r e s e n t  in  Chesapeake  Bay and s e a s i d e  E a s t e r n  S h o r e ,  w i t h  l a r v a e  
o f  some s p e c i e s ,  such  a s  P l a c l d a  d e n d r i t i c a  and Doto c o r o n a t a ,  o r i g ­
i n a t i n g  f u r t h e r  n o r t h .
S h e l l - l e s s  o p i s t h o b r a n c h s  a r e  c om pr i sed  o f  two g e n e r a l  
g roups— t h o s e  w i th  s u b - a n n u a l  l i f e  c y c l e s  f e e d ,  m a tu re  and r e ­
produce  r a p i d l y  on t r a n s i e n t  p r e y ,  w h i l e  t h o s e  w i th  a n n u a l  o r  
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s t a b l e  p*ey p o p u l a t i o n s .  The f i r s t  t y p e  i s  c a l l e d  o p p o r t u n i s t i c  
(MacArthur 1960 ,  Nybakken 1974) o r  e x p l o i t i s t  ( C l a rk  1975) and th e  
second ,  e q u l i b r i u m  (M acArthur  1960,  Nybakken 1974) o r  s t r a t e g i s t  
(C la rk  1 9 7 5 ) .  Most o f  t h e  s m a l l e r  s p e c i e s ,  e s p e c i a l l y  e o l l d s ,  f a l l  
I n to  t h e  o p p o r t u n i s t i c  g ro u p .  They a p p e a r  a l m o s t  a s  soon  a s  t h e i r  
food i s  p r e s e n t ,  m a t u r e ,  and s o m e t im e s  r e p r o d u c e  more th a n  one  
g e n e r a t i o n  i n  a m a t t e r  of  weeks  b e f o r e  t h e  fo o d  s p e c i e s  I s  consumed 
or d i e s ,  whereupon t h e  o p i s t h o b r a n c h s  d i e .  The mode of d i s p e r s a l  i s  
by f ree - sw im m ing  l a r v a e .  The n e c e s s i t y  o f  h a v i n g  t h e  l i v i n g  a d u l t  
p rey  p r e s e n t  a s  an i n d u c t i o n  f o r  m e ta m o r p h o s i s  (Thompson 1958) p r e ­
v e n t s  t h e  a n i m a l s  from s e t t l i n g  on b a r r e n  a r e a s  and s t a r v i n g .  Most 
of  t h e s e  a n i m a l s  e x h i b i t  Type 1 o r  Type  2 d e v e lo p m en t  (T a b l e  3 ) ,
E q u i l i b r i u m  s p e c i e s  a r e  g e n e r a l l y  l a r g e r  and more s t a b l e  i n  
abundance .  They f e e d  on p r e y  p r e s e n t  y e a r - r o u n d  and have  a lo n g  
m a tu r in g  p e r i o d .  D o r i o p s i l l a  p h a r p a  i s  s u c h  a s p e c i e s ,  h a v i n g  
development Type 3 and  found  c o n t i n u o u s l y  on  i t s  sp o n g e  f o o d ,  e x ce p t  
im m ed ia te ly  a f t e r  sp aw n in g .  At t h i s  t im e  t h e  a d u l t s  d i e  and t h e  
young h a v e  n o t  been  s e e n .  The e q u i l i b r i u m  s p e c i e s  a l s o  me tamorphose  
and s e t t l e  i n  t h e  p r e s e n c e  o f  l i v i n g  a d u l t  p r e y ,  b u t  do n o t  seem 
t o  r o c o l o n i z e  a r e a s  a s  q u i c k l y  a s  t h e  o p p o r t u n i s t i c  s p e c i e s ,  p o s s i b l y  
beca use  o f  a s h o r t e r ,  o r  n o n - e x i s t e n t ,  f r ee - sw im m ing  l a r v a l  s t a g e .
S tudy  o f  r e p r o d u c t i o n  and e a r l y  deve lo p m en t  i s  a l s o  a f f e c t e d  
by th e  g ro u p  o f  s p e c i e s  c o l l e c t e d .  O p p o r t u n i s t i c  s p e c i e s  a l m o s t  
always spawn when b r o u g h t  i n t o  t h e  l a b o r a t o r y ,  s i n c e  t h e y  m a t u r e  a t  
a  r e l a t i v e l y  s m a l l  s i z e  and a g e ,  w h i l e  e q u i l i b r i u m  s p e c i e s  may be 
c o l l e c t e d  a t  t im es  o t h e r  t h a n  t h e i r  s p e c i f i c  spawning  p e r i o d s .  They 
can r em a in  a l i v e  and h e a l t h y  i n  t h e  l a b o r a t o r y  f o r  many months  b e f o r e  
they  spawn.
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S tu d e n t s  o f  o p i s t h o b r a n c h s  have  long  p o n d e re d  th e  q u e s t i o n s :  
Where do sudden p o p u l a t i o n s  come from? where do they  d i s a p p e a r  to ?  
and i n  what form do th e y  o v e r w i n t e r  n r  e x i s t  when they  a r e  n o t  
a p p a r e n t ?  The s u b j e c t  of  m i g r a t i o n  i n  n u d l b r a n c h i a t e  ( s h e l l - l e s s )  
o p i s t h o b r a n c h s  h a s  been  d i s c u s s e d  by many a u t h o r s  ( C r o z l e r  1917, 
M i l l e r  1962, Nybbaken 1974 and o t h e r s ) .  The su d d en  p o p u l a t i o n  ex­
p l o s i o n s  of  b r e e d i n g  or  n o n - b r e e d i n g  i n d i v i d u a l s  l e d  to  C r o z i e r ’ s 
(1917) th e o ry  of  m i g r a t i o n  of  a d u l t  o p i s t h o b r a n c h s  to s h a l lo w  w a t e r s  
from d e e p e r  w a t e r s .  More c o l l e c t i n g  h a s  I n d i c a t e d ,  e x c e p t  i n  r a r e  
c a s e s ,  t h a t  p o p u l a t i o n  i n c r e a s e s  a r e  n o t  due t o  m i g r a t i o n  of  a d u l t s  
e i t h e r  o n /o r  o f f s h o r e .  M i l l e r  (1961) s t a t e s  t h a t  the  abundance  of  a 
p a r t i c u l a r  n u d ib r a n c h  s p e c i e s  i n  a p a r t i c u l a r  h a b i t a t  i s  d e p e n d e n t  on 
t h e  amount o f  food a v a i l a b l e ,  T h i s  i s  t r u e  o f  t h e  an im a ls  c o l l e c t e d  
i n  my s tu d y  as w e l l .  The p r e s e n c e ,  as  w e l l  a s  abundance ,  of  p r e y  
d e t e r m in e d  the  p r o s p e r i t y  o f  m o s t  s p e c i e s .  My s t u d i e s ,  and t h e  
l i t e r a t u r e ,  I n d i c a t e  t h a t  t h e  m a jo r  f a c t o r  of  s e a s o n a l i t y  of  n u d i -  
b r a n c h i a t e  m o l lu s c s  depends on fo o d .
The sudden p o p u l a t i o n  b loom s  of  o p p o r t u n i s t i c ,  n u d l b r a n c h i a t e  
m o l l u s c s  fo l l o w  c l o s e l y  blooms i n  t h e i r  food and  a r e  g e n e r a l l y  th e  
r e s u l t  o f  r e c r u i t m e n t  of  l a r v a e  from o t h e r  a r e a s .  O c c a s i o n a l l y  a 
few a d u l t s  w i l l  r em a in  i n  t h e  a r e a  t o  spawn. C r a t e n a  
k a o ru ae  was o c c a s i o n a l l y  found in  w i n t e r  n e a r  Solomons,  M ary land .
At one t ime t h r e e  s m a l l  i n d i v i d u a l s  were  b r o u g h t  t o  room t e m p e r a t u r e  
i n  J a n u a r y  (from 4°C t o  22°C) and f ed  a s  much a s  th e y  would e a t .
The i n d i v i d u a l s  c o n t a i n e d  no v i s i b l e  ova when t h e y  were c o l l e c t e d .
One an im a l  grew from 6 . 4  nun t o  2 1 . 0  mm i n  3 w e e k s ,  a t  which t ime ova 
were  v i s i b l e  i n  t h e  abdom ina l  a r e a .  M at ing  took  p l a c e  soon  a f t e r .
I l l
O th e r  spec imens  k e p t  In  f lour ing w a te r  a q u a r i a  a t  am b ien t  s e a  w a t e r  
t e m p e r a t u r e s  d i s a p p e a r e d  when the  t e m p e r a t u r e  f e l l  below 4 “C and  
r e - a p p e a r e d  when th e  t e m p e r a t u r e  r e a c h e d  11“C. I  b e l i e v e  t h e y  burrowed 
I n t o  t h e  s u b s t r a t u m  o r  were covered by s i l t ,  a t h e o r y  s u p p o r t e d  by 
the  o c c a s i o n a l  p r e s e n c e  o f  C, kaoruae  i n  b e n t h l c  g r a b  samples  from 
Hampton Roads, V i r g i n i a .  {M. L. Hass p e r s o n a l  comm.) O the r  
n u d l b r a n c h i a t e  m o l lu s c s  o c c a s i o n a l l y  a p p e a r  in  g r a b  sam ples ,  i n d i c a t i n g  
t h a t  a t  l e a s t  a  few i n d i v i d u a l s  burrow. (3. k a o ru a e  o v e r w i n t e r i n g  
as a d u l t s  feed  and mature r a p i d l y ,  r e p r o d u c i n g  2 o r  3 weeks a f t e r  
a p p e a r a n c e ,
I n  t h i s  a r e a ,  o p p o r t u n i s t i c  n u d l b r a n c h i a t e  m o l l u s c s  u t i l i z e  
s e v e r a l  methods to  s u c c e s s f u l l y  c a r r y  o v e r  p e r i o d s  o f  low abundance  
o r  a b s e n c e  o f  food  s p e c i e s .  They a r e :  1) b u r row ing  I n to  t h e  s u b ­
s t r a t u m  o f  immature a d u l t s ,  2 ) dying o f f  o f  a l l  b u t  a  few i n d i v i d u a l s  
t h a t  remain s e m i - a c t i v e ,  3) a b i l i t y  t o  b e g i n  b r e e d i n g  as  soon a s  
c o n d i t i o n s  change.,  and 4) r e c r u i t m e n t  from o t h e r  s o u r c e s  by l a r v a e .
I t  i s  p o s s i b l e  f o r  a d u l t s  and l a r v a e  t o  grow, m a tu r e  and r e p r o d u c e  
r a p i d l y  in  t h e  p r e s e n c e  o f  abundant  food  and f o r  t h e  l a r v a e  t o  spend  
a much lo n g e r  t im e  in t h e  p l a n k t o n  when the  food i s  s c a r c e .
The e q u i l i b r i u m  s p e c i e s  s tu d i e d  o v e r w i n t e r  i n  a n o n - b r e e d i n g  
a d u l t  s t a g e  were  l e s s  a c t i v e  than d u r i n g  Che r e s t  o f  t h e  y e a r .  Absence  
of t h e s e  an imals  a f t e r  b r e e d i n g  could  be due to  d e a t h  o f  a d u l t s .
Some o f  the e q u i l i b r i u m  s p e c i e s  found In  the  s tu d y  a r e a  were  n o t  
found y e a r - r o u n d .  Th i s  c o u l d  be a t t r i b u t e d  p a r t l y  t o  c o l l e c t i o n  
t e c h n i q u e s ,  o r  to  t h e s e  a n im a l s  bu r row ing  in  the  b o t t o m  when t h e i r  
food i a  i n a c c e s s i b l e .
LITERATURE CITED
A b b o t t ,  R. I ,  1974.  Amer ican  S e a s h e l l s .  Van N o s t r a n d  R e in h o ld  C o . ,
New York.  G63 p p ,
A g a s s i z ,  L. 1850 .  Notes  i n  m i n u t e s  o f  Nov. 7,  1849 m e e t in g  o f  B os ton  
Soc .  N a t .  H i s t ,  P r o c .  B o a t .  S o c ,  N a t .  H i s t .  3 :1 9 1 .
A l d e r ,  J .  and A. Hancock.  1843,  N o t i c e  o f  a B r i t i s h  s p e c i e s  of
C a l l l o p a e a  D’O rb igny ,  and f o u r  new s p e c i e s  o f  E o l i s . w i t h  
o b s e r v a t i o n s  on t h e  d e v e lo p m e n t  and s t r u c t u r e  o f  t h e  n u d i -  
b r a n c h i a t e  m o l l u s c a .  Ann, and Hag. N a t .  H i s t ,  1 2 :2 3 3 - 2 3 8 ,
A l d e r ,  J .  and A. Hancock. 1845-1855 .  Monograph o f  B r i t i s h  n u d l b r a n c h i a t e  
m o l l u s c a .  Ray S o c . ,  London.  F t s .  1-7  438 p.  84 p i s .
Baba,  K. 1937a .  O p ia t h o b r a n c h i a  o f  J a p a n  I .  J .  D ept .  A g r i c .  Kyushu
Univ.  5 ( 4 ) : 1 9 5 - 2 3 6 .
Baba,  K. 1937b.  D p i s t h o b r a n c h l a  o f  J a p a n  I I ,  J .  D ept .  A g r i c .  Kyushu
Univ.  5 ( 7 ) : 2 8 9 - 3 4 4 ,
Baba,  K. and I .  H amatan i .  1952.  O b s e r v a t i o n s  on t h e  spawning h a b i t a
□f some o f  t h e  J a p a n e s e  O p i s t h o b r a n c h i a , P ub l .  S e t o .  Mar.
B i o l .  Lab.  2 :8 7 - 9 0 .
Baba,  K. and I .  H amatan i .  1963.  A s h o r t  a c c o u n t  o f  t h e  s p e c i e s ,
T e n e l l i a  p a l l i d a  (A and H) , t a k e n  from Mukaishima,  J a p a n
( N u d l b r a n c h i a - E o l l d o l d e a ) . P u b l .  S e t o  Mar.  B i o l .  Lab .
1 1 : 337-33B ,
B a i l e y ,  K, and J .  S. B le a k n e y .  1967 .  F i r s t  C an ad ian  r e p o r t  o f  t h e  
s a c o g l o s s a n  E l y s i a  c h l o r o t l c a  G ou ld .  V e l i g e r  9 : 3 5 3 - 3 5 4 ,
B e a r d s l e y ,  R. C . ,  W. C. B o i c o u r t  and D. V. H ansen .  1976.  P h y s i c a l
ocea nography  o f  t h e  M idd le  A t l a n t i c  B i g h t .  Am. S o c .  L im nol .
O ceanogr .  Spec .  Symp. 2 : 2 0 —34,
B l e a k n e y ,  J .  S .  and K, B a i l e y .  1967.  R e d i s c o v e r y  o f  t h e  s a l t  m arsh  
s a c o g l o s s a n  A l d e r i a  m odesta  Loven i n  E a s t e r n  Canada .  P r o c .  
Malac .  Soc.  Lond.  3 7 : 3 4 7 - 3 4 9 .
Bookhou t ,  C. G. 1953.  Check l i s t  o f  m a r i n e  i n v e r t e b r a t e s  a t  B e a u f o r t ,
N. C. Duke U n i v e r s i t y  M a r i n e  L a b o r a t o r y .
B r i g g s ,  J .  C, 1974,  M a r in e  zo o g e o g ra p h y .  M cG raw -H i l l ,  New York ,
475 pp.
1 1 2
C a l d e r ,
C a r g o , D
C l a r k ,  K
C l a r k ,  K
C ory ,  R. 
C r o z i e r ,  
Cucagna ,
De Kay,  . 
Ekman, S, 
E l i o t ,  C. 
E vans ,  T.
F r a n z ,  D, 
F r a n z ,  D, 
F r a n z ,  D, 
F r a n z ,  D.
D. R. 1968.  Hydrozoa o f  s o u t h e r n  Chesapeake  Bay .  Ph.D.
D i s s e r t a t i o n ,  College  o f  W i l l i a m  and Mary,  W i l l i a m s b u r g ,  Va. 
158 pp.
. G. and L. P. S c h u l t z .  1967.  F u r t h e r  o b s e r v a t i o n s  on t h e  
b i o l o g y  o f  t h e  sea  n e t t l e  and J e l l y f i s h e s  i n  C h es ap ea k e  Bay. 
C hes .  S c i .  8 :209-220.
. B, 1975.  Nudibranch l i f e  c y c l e s  in  t h e  N o r th w e s t  A t l a n t i c  
and t h e i r  r e l a t i o n s h i p  t o  t h e  e c o l o g y  o f  f o u l i n g  com m un i t ie s .  
H e l g o l ,  W iss .  M e e r e s u n t e r e . 2 7 : 2 8 - 6 9 .
. B. and D. R. F ranz .  L9G9. O c c u r r e n c e  o f  t h e  s a c o g l o s s a n  
o p i s t h o b r a n c h  Hennaea d e n d r l t i c a  A l d e r  and  Hancock i n  New 
E n g l a n d .  V e l i g e r  12 :174 -175 .
L. 1967 .  E p l fau n a  of  t h e  P a t u x e n t  R i v e r  e s t u a r y ,  Maryland 
f o r  1963 and 1964.  Ches .  S c i ,  8 : 7 1 - 8 9 .
W. J .  1917.  On the  p e r i o d i c  sho rew ard  m i g r a t i o n  o f  t r o p i c a l  
n u d i b r a n c h s .  Amer, N a t .  51 :377 -382 ,
A. Z. and J .  Nusbaum. 1915.  F ragm en te  i iber  r e s t i t u t i o n  b e l  
d e n  n u d i b a u c h i e r n .  (Hermaea d e n d r i t i c a  A ld e r  e t  H a n c o c k ) - 
A rch .  Entw. Mech. L e i p z i g .  4 1 :5 5 8 -5 7 8 .
T. E. 1843.  N a tu r a l  h i s t o r y  of  New York ,  P a r t  V. M o l lu s ca .
D. A p p le to n  and Co. ,  New York.  271 pp .
1953.  Zoogeography o f  t h e  s e a .  S id g w lc k  and J a c k s o n ,  L t d . ,  
London.  417 pp.
, N. E. 1910.  B r i t i s h  n u d l b r a n c h i a t e  m o H u s k s ,  S upp lem en t .
IN A ld e r  and Hancock Mon. B r i t .  Nudi,  M o l l .  8 ; S u p p l ,
, J .  1953.  The a l i m e n t a r y  and v a s c u l a r  sy s tem s  o f  A l d e r l a  
m o d e s t a  (Loven) in  r e l a t i o n  t o  i t s  e c o l o g y .  P r o c ,  Malac.
S o c ,  London 29:249-258.
, R. 1967.  On th e  taxonomy and b i o l o g y  o f  t h e  d o r  id  n u d ib r a n c h  
D o r i d e l l a  o b s c u r a . N a u t i l u s .  8 0 : 7 3 - 7 9 .
, R. 1968a.  Occurrence and  d i s t r i b u t i o n  o f  New J e r s e y
O p i s t h o b r a n c h i a .  N a u t i l u s .  8 2 : 7 - 1 2 .
, R. 1968b.  Taxonomy o f  t h e  e n l l d  n u d i b r a n c h  C r a t e n a  p l l a t a
( G o u l d ) ,  Chea.  S c i .  9 :2 6 4 -2 6 6 .
, R. 1970a.  Zoogeography o f  N or thw es t  A t l a n t i c  o p i s t h o b r a n c h
m o l l u s c s .  Mar. B io l .  7 :1 7 1 -1 8 0 .
F r a n z ,  D. R. 1970b.  The d l g t r i b u t i o n  o f  t h e  n u d i b r a n c h  D o r i s  v e r r u c o s a  
L i n n e  in  t h e  Nor thwest  A t l a n t i c .  N a u t i l u s .  8 3 : 8 0 - 8 5 .
114
F r a n z ,  D. R. 1975.  An e c o l o g i c a l  i n t e r p r e t a t i o n  o f  n u d i b r a n c h
d i s t r i b u t i o n  i n  t h e  N o r th w e s t  A t l a n t i c .  V e l i g e r .  1 8 : 7 9 - 8 3 .
F r a n z ,  D. R, 1976.  E c o l o g i c a l  d e t e r m i n a n t s  o f  o p 1 s t h o b r a n c h  d i s t r i ­
b u t i o n  p a t t e r n s  i n  t h e  t e m p e r a t e  N o r th w e s t  A t l a n t i c .  J .
M o l l .  S t u d .  4 2 : 3 0 0 - 3 0 1 .  ( a b s t r a c t ) .
F r a n z ,  D, R. and K. B. CLark .  1972.  A d i s c u s s i o n  o f  t h e  s y s t e m a t i c a ,
r e p r o d u c t i v e  b i o l o g y ,  and zo o g e o g ra p h y  o f  P o l v c e r e l l a  e m e r t o n i  
and r e l a t e d  s p e c i e s  (G a s t r o p o d a :  N u d l b r a n c h l a } . V e l i g e r ,
1 4 : 2 6 5 - 2 6 8 .
C a r l o ,  E, V, 1977.  O p i s t h o b r a n c h s  found  o f f  L i t t l e  Egg I n l e t ,  New 
J e r s e y ,  w i t h  n o t e s  on t h r e e  s p e c i e s  new t o  t h e  s t a t e .
N a u t i l u s .  9 1 : 2 3 - 2 7 ,
G o s n e r ,  K. L.  1971.  Guide t o  i d e n t i f i c a t i o n  o f  m a r i n e  and e s t u a r i n e  
I n v e r t e b r a t e s .  J o h n  Wi ley  6 S o n s ,  I n c . ,  New York .  693 pp .
G o u ld ,  A. A. 1841.  R e p o r t  on t h e  i n v e r t e b r a t e  o f  M a s s a c h u s e t t s .  
C am br idge  373 pp .
G o u ld ,  A. A. 1870.  R e p o r t  on t h e  I n v e r t e b r a t e  o f  M a s s a c h u s e t t s ,  2nd
e d .  W, G. Blnney Ed. W r ig h t  and  P o t t e r ,  B o s t o n .  524 pp.
12  c o l  p i s .
Graham, A, 1955.  K o l l u a c a n  d i e t s ,  P t o c .  M alac ,  Soc ,  London.  3 1 : 1 4 4 - 1 5 9 .
G reen ,  R. W. 1968.  The egg  m asses  and  v e l i g e r s  o f  S o u t h e r n  C a l i f o r n i a
s a c o g l o s s a n  o p i s t h o b r a n c h s .  V e l i g e r ,  1 1 : 1 0 0 - 1 0 4 ,
G reen ,  R. W. 1970.  S y m b io s i s  in  s a c o g l o s s a n  o p i s t h o b r a n c h s :
s y m b i o s i s  w i t h  a l g a l  c h l o r o p l a s t s . M a l a e o l o g i a .  1 0 : 3 5 7 - 3 6 8 .
H a d f i e l d ,  M. G. 1963.  The  b i o l o g y  o f  n u d i b r a n c h  l a r v a e .  O l k o s .
1 4 : 8 5 - 9 5 .
Hand,  C. and J .  S t e i n b e r g .  1955.  On t h e  o c c u r r e n c e  o f  t h e  n u d i b r a n c h  
A l d e r l a  m ode a ta  (Loven 1844)  on t h e  c e n t r a l  C a l i f o r n i a n  
c o a s t .  N a u t i l u s .  6 9 : 2 1 - 2 8 .
H u r s t ,  A. 1967.  The egg m a ss e s  and  v e l i g e r s  o f  t h i r t y  n o r t h w e s t
P a c i f i c  o p i s t h o b r a n c h s ,  V e l i g e r .  9 : 2 5 5 - 2 8 8 .
Hyman, L. 1967,  The i n v e r t e b r a t e s  V o l .  VI M o l lu s c a  1 .  M cG raw -H i l l ,
New York .  792 pp .
I n t e r n a t i o n a l  Commiss ion  on Z o o l o g i c a l  N o m e n c l a tu r e .  1964.  I n t e r ­
n a t i o n a l  code  o f  z o o l o g i c a l  n o m e n c l a t u r e  a d o p t e d  by t h e  XV 
i n t e r n a t i o n a l  c o n g r e s s  o f  Z o o lo g y .  I n t .  T r u s t  Z o o l .  Nomen.,  
London . 176 pp.
J o h n s o n ,  C. W, 1934 .  L i s t  o f  m a r i n e  m o l l u s c a  o f  t h e  A t l a n t i c  c o a s t
f ro m  L a b r a d o r  t o  T e x a s .  P r o c .  B o a t .  Soc.  N a t . H i s t .  4 0 : 1 - 2 0 4 .
115
K e p n e r ,  W. A. 1943 .  The m a n i p u l a t i o n  o f  n e m a t o c y s t a  o f  Fermat : la  
t i a r e l l a  by A e o l i s  p l l a t a . J .  Morph, 7 3 :2 9 7 - 3 1 1 .
K r a k a u e r ,  J .  M, 1971 ,  The f e e d i n g  h a b i t s  o f  a p l y s l t d  o p i s t h o b r a n c h s  
i n  F l o r i d a .  N a u t i l u s .  85:37-38*
K r e s a ,  A. 1971 ,  Uber de e n t w i e k lu n g  d e r  e i k a p s e l v o l u m i n a  b e i
v e r s c h i e d e n e n  o p i s t h o b r a n c h i e r - a r t e n  ( M o l l u s c a , G a s t r o p o d a ) . 
H e l g o l .  Wlss* M e e r a u n t e r s ,  2 2 : 3 2 6 - 3 4 9 ,
K r e s s ,  A. 1 9 7 2 .  V e randerungen  d e r  E i k a p s e l v o l u m l n a  w ahrend  d e r
e n t w i e k l u n g  v e r s c h r e d e n e r  o p i s t h o b r a n c h i e r  -  a r t e n  ( M o l l u s c a ,  
G a s t r o p o d a ) .  Mar, B i o l .  16:236-52*
K r e s s ,  A. 1975 .  O b s e r v a t i o n s  d u r i n g  em bryonic  d e v e lo p m e n t  In  t h e  
g e n u s  Doto ( G a s t r o p o d a ,  O p i s t h o b r a n c h l a ) * J .  Mar.  B i o l .
Ass* U.K. 5 5 :6 9 1 -7 0 1 .
L a m b e r t ,  P .  1976,  R ecords  and r a n g e  e x t e n s i o n s  o f  some n o r t h e a s t e r n  
P a c i f i c  o p i s t h o b r a n c h s  ( M o l l u s c a : G a s t r o p o d a ) , Can.  J .  Z oo l .  
5 4 : 2 9 3 - 3 0 0 .
Lea thern,  W. and D. Mauer,  1976.  Phylum M o l l u s c a :  A g u i d e  t o  t h e
M o l lu s c a  o f  the  D elaw are  Bay r e g i o n .  U n i v e r s i t y  o f  D e la w a r e /  
Sea  G r a n t  C o l l e g e  R e p o r t .  1-43.
Lemche,  II. 1973.  E m b le to n ia  p a l l i d a  A ld e r  and Hancock 1854 ,  t h e  
s p e c i f i c  name to  be  p r o t e c t e d  a g a i t i s t  t h e  nomen o b l i t u m  
T e r g i p c s  a d s p e r s u s  Nordmann 1845 ( M o l l u s c a  O p i s t h o b r a n c h l a ) , 
Z. N, ( S ) .  2010* B u l l e t i n  Zool .  Non. 3 0 :9 0 .
L o v e l a n d ,  R. E . ,  G* H en d le r  and G. Newkirk* 1969 .  New r e c o r d s  o f  
n u d i b r a n c h s  From Mew J e r s e y ,  V e l i g e r *  1 1 :4 1 3 - 4 2 0 .
M acA rthur ,  R. H. i 9 6 0 .  On r e l a t i v e  abundance  o f  s p e c i e s .  Amer. N a t .  
9 4 :2 5 -3 6 *
McBeth,  J .  W. 1968 .  F eed ing  b e h a v i o r  o f  C o r a m b e l l a  s t e i n b e r g a e . 
V e l i g e r .  1 1 :1 4 5 -1 4 6 .
M acF a r la n d ,  F.  M. 1966.  S t u d i e s  o f  o p i s t h o b r a n c h i a t e  m o l l u s c s  o f  t h e  
P a c i f i c  c o a s t  o f  N o r th  America.  Memoirs  C a l i f o r n i a  Academy 
o f  S c i e n c e s .  VI 546 pp.
M a rc u s ,  E r .  1955 .  O p i s t h o b r a n c h l a  fram B r a z i l .  B i o l .  F a c .  C ie n c .  S,
P a u l o .  ( Z o o l . ) ,  2 0 :8 9 - 2 6 1 .
M a rc u s ,  E r .  1957 .  On O p i s t h o b r a n c h l a  from B r a z i l  I I .  J .  L i n n .  S oc .
Lond,  4 3 :3 0 9 - 4 8 6 ,
M arcus ,  E r .  1958 ,  On W es te rn  A t l a n t i c  o p i s t h o b r a n c h i a t e  g a s t r o p o d s .
Amer.  Mus. N o v i t ,  No. 1 9 0 6 :1 -8 2 .
M a rc u s ,  E r .  1961.  O p i s t h o b r a n c h l a  from N o r t h  C a r o l i n a .  J .  E l i s h a
M i t c h e l l  S c i .  Soc.  7 7 :1 4 1 -1 5 1 .
116
M a r c u s , 
M a r c u s , 
M arcus ,
M a r c u s , 
M arcus ,  
M a r c u s ,
M a r c u s ,
M a rc u s ,  
M arcus ,  
M a r c u s , 
M a r c u s ,
M arsh ,
M e y e r ,
M i l l e r ,
M i l l e r ,
Ev. 1972a ,  N otea  on some o p i s t h o b r a n c h  g a s t r o p o d s  f rom  th e
Chesapeake  Bay.  Ches.  S c i .  1 3 :3 0 0 -3 1 7 ,
Ev,  1972b .  On some o p i s t h o b r a n c h s  f rom  F l o r i d a .  B u l l .  Mar,
S c i .  2 2 :2 0 4 -3 0 8 .
Ev. 1972c .  On th e  A nasp idea  ( G a s t r o p o d a t O p i s t h o b r a n c h i a )  from
t h e  warm w a t e r s  of  t h e  Western  A t l a n t i c ,  B u l l .  Mar.  S c i .
2 2 : 8 4 1 -S 7 4 .
Ev .  1976.  M ar ine  e u t h y n e u r a n  g a s t r o p o d a  from B r a z i l  ( 3 ) .
S t u d i e s  on N e o t r o p i c a l  Fauna and E nv i ronm en t .  1 ( 1 9 7 6 ) ; 5 - 2 3 .
Ev .  and  E r .  M arcus .  1957.  On F h y l l a p l y s i a  e n g e l i .  B a s t e r i a .  
2 1 : 5 3 - 6 6 .
Ev.  and  E r .  M arcus .  1960.  OpisthobrancliB from Amer ican  
A t l a n t i c  warm w a t e r s .  B u l l .  Mar. S c i .  Gulf and C a r i b b .  
1 0 :1 2 9 -2 0 3 .
Ev .  and E r .  Marcus.  1962.  O p i s th o b ra n c h s  from F l o r i d a  and 
t h e  V i r g i n  I s l a n d s .  B u l l ,  Mar, S c i .  Gulf  and C a r i b b .  
1 2 : 4 5 0 - 4 0 8 ,
Ev. and E r .  M arcus .  1966,  O p i s th o b ra n c h s  from t r o p i c a l  
West  A f r i c a .  S tu d .  T r o p .  Oceanogr* Miami. 4 : 1 5 2 - 2 0 8 .
Ev.  and E r ,  M arcus .  1967a ,  Some o p i s t h o b r a n c h s  from Sape lo  
I s l a n d ,  G e o r g i a ,  U, S.  A. M a la c o lo g ia .  6 :1 9 9 -2 2 2 ,
Ev .  and E r .  M arcus .  1967b ,  American o p i s t h o b r a n c h  M ol lu sk3 ,  
S t u d .  T rop .  O c e a n o g r . ,  Miami, 6:256  pp .
Ev. and E r .  Marcus ,  1970,  O p is th o b ra n c h s  from Curacao  and 
f a u n i s t i c a l l y  r e l a t e d  r e g i o n s ,  S t u d i e s  on t h e  Fauna 
o f  Curacao  and O ther  Car ibbean  I s l a n d s .  No. 1 2 2 : 1 - 1 2 9 .
G, A. 1970.  A s e a s o n a l  3 tudy  of Z o a t e r a  e p i b i o t a  in  t h e  York
R i v e r ,  V i r g i n i a .  Ph .D. D i s s e r t a t i o n ,  C o l l ege  o f  W i l l i a m  
and  Mary, W i l l i a m s b u r g ,  Va.  155 pp.
K. B. 1971.  D i s t r i b u t i o n  and zoogeography of  F o u r t e e n  s p e c i e s
o f  n u d i b r a n e h a  of  N o r t h e r n  New England and Nova S c o t i a .  
V e l i g e r .  14 :1 37 -152 .
M. C. 1961,  D i s t r i b u t i o n  and food o f  t h e  n u d l b r a n c h i a t e  
m o l l u s c a  of  t h e  S ou th  o f  t h e  I s l e  o f  Man. J .  Anim. E c o l .  
3 0 : 9 5 - 1 1 6 .
M. C. 1962.  Annual  c y c l e s  of  some Manx n u d ib r a n c h s ,  w i t h  a 
d i s c u s s i o n  o f  t h e  p rob lem  of  m i g r a t i o n .  J ,  Anim, E c o l .  
3 1 : 5 4 5 - 5 6 9 .
M in e r ,  R. W. 1950 .  F i e l d  book o f  seasho re  l i f e .  G, P. P u tn a m ’ s Sons,  
New Y ork .  088 pp.
117
Moore,  G.
Morse ,  M.
Morse ,  M.
Morse ,  M. 
Morse ,  M.
Nybakken,
O dhne r ,  N
Odum, H. 
O r t l i ,  R.
P a r o n a ,  C
P a r o n a ,  C
P e a r s e ,  A 
P e r r o n ,  F
B. 1964.  Key to  t h e  s h e l l - l e s s  o p i s t h o b r a n c h s  o f  t h e  Woods 
H ole  r e g i o n ,  p .  1 5 3 - 1 6 4 ,  I n  Keys t o  t h e  m a r i n e  i n v e r t e b r a t e s  
o f  t h e  Woods H o le  r e g i o n ,  R, I ,  Smith ( E d ) .  Woods H o l e ,  Mass.
P .  1968 .  F u n c t i o n a l  m orph o lo g y  o f  t h e  d i g e s t i v e  s y s t e m  of 
t h e  n u d i b r a n c h  m o l l u s c  A c a n t h o d o r i s  p i l o s e .  B i o l .  B u l l ,  
1 3 4 : 3 0 5 - 3 1 9 .
P. 1969.  D i r e c t  d e v e l o p m e n t  I n  t h e  n u d i b r a n c h  m o l l u s c  
C o r y p h e l i a  s t i m p s o n i  V e r r i l l  1880 .  Amer. Z o o l .  9 : 6 1 8 .  
( A b s t r a c t ) .
P .  1971 .  B i o l o g y  a n d  l i f e  h i s t o r y  of  t h e  n u d i b r a n c h  m o l l u s c ,  
C o r y p h e l i a  s t i m p s o n i  ( V e r r i l l  1 8 7 9 ) .  B i o l .  B u l l .  1 4 0 : 8 4 - 9 4 .
P .  1974.  R e d i s c o v e r y  o f  V e r r i l l ' b n u d i b r a n c h s  and  s e v e r a l  
new a d d i t i o n s  t o  o p i s t h o b r a n c h s  o f  Hew E n g l a n d .  B u l l .  Am. 
M alac ,  U. 1 9 7 4 : 7 ( ^ 7 1 .
J .  1974.  A p h e n o l o g y  o f  t h e  s m a l l e r  D e n d r o n o t a c e a n ,
A rm in ac ean  and A e o l l d a c e a n  n u d i b r a n c h s  a t  A s l lo m a r  S t a t e  
Beach o v e r  a t w e n t y - s e v e n  month p e r i o d .  V e l i g e r .  1 6 : 3 7 0 - 3 7 3 .
. H. 1939.  O p i s t h o b r a n c h i a t e  m o l l u s c a  f rom  th e  w e s t e r n  and
n o r t h e r n  c o a s t s  o f  Norway.  K, N orske .  V i d e n s k ,  S e l s k ,  S k r .  
1 ( 1 9 4 0 ) : i - 9 3 .
T.  1951.  N u d ib ra n c h  s p i c u l e s  made o f  am orphous  c a l c i u m  
c a r b o n a t e .  S c i e n c e ,  1 1 4 : 3 9 5 .
J .  1976 .  The e f f e c t  o f  T r o p i c a l  Storm Agnes  on t h e  b e n t h l c  
f a u n a  o f  e e l g r a s s ,  Z o s t e r a  m a r i n a , i n  t h e  lo w e r  C h e s a p e a k e  
Bay ,  5 6 6 -5 8 3 .  _In The E f f e c t s  o f  T r o p i c a l  Storm Agnes on t h e  
C h e s a p e a k e  Bay e s t u a r l n e  s y s t e m .  J o h n s  Hopkins  U n i v e r s i t y  
P r e s s .  B a l t i m o r e .
. F. 1891.  L ra u t o t o m i a  e  l a  r i g e n e r a z i o n e  d e l l  a p p e n d i c i
d o r s a l i  ( P h o e n i c u r u s )  n e l l a  T e th y a  l e p o r i n a . Z o o l .  Anz.
K iv ,  2 9 3 -2 9 5 .
. F. 1894.  L ra u t o t o m i a  e l a  r l g e n e r a z l o n e  d e l l e  a p p e n d i c i
d o r s a l i  ( P h o e n i c u r u s )  n e l l a  T e t h y s  l e p o r i n a . A t t i .  U n iv .
Genova ( x i )  1 8 9 2 : 9 5 - 1 1 1 .
. 8 .  E s t u a r l n e  a n i m a l s  o f  B e a u f o r t ,  N o r t h  C a r o l i n a .  J .
E l i s h a  M i t c h e l l  S c i .  Soc .  5 2 : 1 7 4 - 2 2 2 .
. E.  and R. D. T u r n e r .  1 9 7 7 .  D eve lopm en t ,  m e ta m o r p h o s i s  
and n a t u r a l  h i s t o r y  o f  t h e  n u d i b r a n c h  D o r i d e l l a  o b s c u r a  
V e r r i l l  ( C o r a b i d a e :  O p i s t h o b r a n c h l a ) .  J .  Exp. Mar.  B i o l .
E c o l .  2 7 : 1 7 1 - 1 8 5 .
P f i t e c n t n e y e r ,  H. T.  I 9 6 0 .  N o te s  on t h e  n u d i b r a n c h  E l y s i a  c h l o r o t l c a  
from C h es ap ea k e  Bay .  C hes .  S c i .  1 : 1 1 4 - 1 1 5 .
118
P o r t e r ,  H. J ,  1974,  The N o r th  C a r o l i n a  m a r i n e  and e s t u a r l n e  m o l l u s c a  — 
a n  a t l a s  o f  o c c u r r e n c e ,  Univ .  o f  N. C . ,  I n a t ,  Mar.  S c i .  
i - l v ,  1 -3 5 1 ,
F r i t c h a r d ,  D. W. 1952.  The p h y s i c a l  s t r u c t u r e ,  c i r c u l a t i o n  and m i x i n g  
I n  a c o a s t a l  p l a i n  e s t u a r y .  Chesapeake  Bay I n s t i t u t e ,
T e c h n i c a l  R e p o r t  111,  B a l t i m o r e .  56 pp.
P r u v o t - F o l ,  A. 1954.  M o l lu s q u e s  o p l s t h o h r a n c h e s . Faune F r . , 58.
P a r i s ,  P a u l  L e c h e v a l i e r ,  460 p.  1 p i .
Rao,  K. V. 1961 .  D evelopment and  l i f e  h i s t o r y  o f  a n u d l b r a n c h i a t e  
g a s t r o p o d  C u thona  a d y a r e n s i s  Rao.  J .  Mar. B i o l .  Assoc .
I n d i a .  3 :1 0 6 - 1 9 7 .
Rao,  K. V. a n d  A la g a r s w a m i ,  K. 1960 .  An a c c o u n t  o f  t h e  s t r u c t u r e  and  
e a r l y  d e v e l o p m e n t  o f  a  new s p e c i e s  o f  a n u d l b r a n c h i a t e  
g a s t r o p o d ,  K o l i d j n a  ( E o l i d i n a )  m a n n a r e n s i s . J .  Mar.  B i o l .
A s s o c .  I n d i a ,  2 : 6 - 1 6 .
Rasmussen ,  E. 1944.  F a u n l s t i c  and  b i o l o g i c a l  n o t e s  on m a r i n e  i n v e r t e ­
b r a t e s .  I .  Eggs and l a r v a e .  V id e n s k .  Madd. d a n a k .  n a t u r h ,  
F o r e n .  Kbh. 1 0 7 : 2 0 7 - 7 3 3 .
R o g in s k a y a ,  1 .  S.  1961 .  The egg m a ss e s  o f  n u d i b r a n c h  m o l l u s c s  o f  t h e
W h i t e  S ea .  B i o l o g l y a  Be loga  Morya,  Trudy Belomorakoy 
B l o l o g i s h e s k o y  S t a n t s i i  Morsk,  S o s u n d a r s t  U n iv .  1 :2 0 1 - 2 1 4 .
( I n  R u s s i a n )
R o g in s k a y a ,  I .  S.  1970.  T e n e l l i a  a d a p e r s a . a n u d ib r a n c h  new t o  t h e
Azov S ea ,  w i t h  n o t e s  on i t s  taxonomy and e c o l o g y ,  M alac .
Rev.  3 :1 6 7 - 1 7 4 .
R o g in s k a y a ,  I .  S, 1974.  Comment on t h e  p r o p o s a l  to  c o n s e r v e  t h e
s p e c i f i c  name p a l l i d a  A 6 H 1854,  a s  p u b l i s h e d  i n  t h e  b lnomen 
E m b le t o n l a  p a l l i d a . Z. N. ( S ) . 2010 .  B u l l .  Z o o l ,  Nomencl ,  
3 0 ( 3 / 4 ) : 1 3 8 - 1 3 9 .
R u s s e l l ,  H. D. 1946 .  E c o l o g i c a l  n o t e s  c o n c e r n i n g  E l y s l a  c h l o r o t l c a  
G ou ld  and S t i l l g e r  f u s c a t a  Gould.  N a u t i l u s .  5 9 : 9 5 - 9 7 .
R u s s e l l ,  II. D. 197L. I n d e x  n u d i b r a n c h i a .  D e law are  Museum o f  N a t u r a l  
H i s t o r y ,  G r e e n v i l l e .  141 pp.
S a n f o r d ,  S. N.  F. 1922 .  T e th y s  w i l l c o x i  i n  New England w a t e r s .  N a u t i l u s ,
B o s t o n .  3 5 : 8 0 - 8 2 .
Schmekel ,  L. 1965 .  De. g a t t u n g  F o l y c e r e l l a  V e r r i l l  i n  M i t t e l m e e r
( G a s t r .  O p i s t h o b r a n c h l a ) .  P u b b l .  S t a .  Z oo l .  N a p o l i  3 4 : 2 2 6 - 2 3 4 .
Seolemann,  U. 1967.  R e a r i n g  e x p e r i m e n t s  on t h e  am p h ib ian  s l u g  A l d e r l a  
m o d e a t a . H e l g o l .  W iss .  M e e r e s u n t e r s . 1 5 (1 9 6 7 ) :  120-134 .
119
S m i t h ,  R. I .  1964.  K eys  t o  m a r i n e  i n v e r t e b r a t e s  of  t h e  Woods Hole
r e g i o n .  M a r .  B i o l .  L ab ,  Woods H o le ,  Hess.  208 p.
S t e p h e n s o n ,  T .  A. a n d  A. S t e p h e n s o n .  1954 ,  L i f e  between t i d e m a r k s  on 
r o c k y  s h o r e s ,  W. 11. Freeman and  Co . ,  San F r a n c i s c o ,  425 pp.
Swennen ,  C. 1961 .  D a t a  on d i s t r i b u t i o n ,  r e p r o d u c t i o n  and ec o lo g y
o f  t h e  n u d l b r a n c h i a t e  m o l l u s c s  o c c u r r i n g  in  t h e  N e t h e r l a n d s .
N e t h .  J .  S e a  Res .  1 : 1 9 1 - 2 4 0 .
Thompson,  T.  E.  1 9 5 8 .  The n a t u r a l  h i s t o r y ,  embryology,  l a r v a l  b io l o g y
a n d  p o s t  l a r v a l  d e v e lo p m e n t  o f  A d a l a r l a  proxlma ( A l d e r  and 
H ancock)  ( G a s t r o p o d a : O p i s t h o b r a n c h i a ) . P h i l .  T r a n s .  242B:1-5B.
Thompson,  T .  E.  19 5 9 .  F e e d i n g  In n u d i b r a n c h  l a r v a e .  J .  Mar. B i o l ,
A s s o c ,  3 8 : 2 3 9 - 2 4 8 .
Thompson,  T,  E.  19 6 1 .  The  im p o r t a n c e  o f  t h e  l a r v a l  s h e l l  i n  t h e  
c l a s s i f i c a t i o n  o f  t h e  S a c o g l o s s a  and Acoela (G as t ro p o d a  
O p i s t h o b r a n c h l a ) ,  P r o c .  M a l a c o l .  Soc. bond.  3 4 : 2 3 3 - 2 3 8 .
Thompson,  T.  E.  1964 .  G r a z i n g  and th e  l i f e  c y c l e s  of  B r i t i s h  n u d i b r a n c h s .
p ,  2 7 5 -2 9 7 .  Jhi B r i t ,  E c o l .  S oc .  Symp. 4 .  D, J .  C r i s p  (Ed) ,
G r a z i n g  i n  t e r r e s t r i a l  and m a r i n e  en v i ro n m en ts .  B la c k w e l l  
S c i e n t i f i c  P u b l i c a t i o n s ,  O xfo rd .
Thompson,  T,  E.  1967 .  D i r e c t  deve lopm en t  i n  o n u d ib r a n c h ,  C a d l in a
l a e v i s , w i t h  a d i s c u s s i o n  of  d e v e lo p m e n ta l  p r o c e s s e s  in  
O p i s t h o b r a n c h l a .  J .  Mar. B i o l .  A ss .  U. K. 4 7 : 1 - 2 2 .
Thompson,  T .  E.  1973.  S a c o g l o s s a n  g a s t r o p o d  m o l lu scs  from e a s t e r n
A u s t r a l i a .  P r o c ,  M a l a c o l .  Soc .  Lond.  40 :239 -251 .
Thompson,  T.  E.  1976 .  B i o l o g y  o f  op i s  t  ho b ranch  m o l l u s c s .  Volume I ,
T he  Ray S o c i e t y .  206 pp.
T h o r s o n ,  G. 1946 .  R e p r o d u c t i o n  and l a r v a l  development o f  D anish  m ar ine  
b o t t o m  i n v e r t e b r a t e s ,  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  p l a n k t o n i c  
l a r v a e  i n  t h e  s o u t h  ( 0 r e s u n d ) .  Medd. Korun, H avunders^g .  Kbh.
S e r .  P l a n k t . 4 ( 1 ) : 1 - 5 2 3 .
V e n i c e  S y s t e m .  1958.  Symposium on th e  c l a s s i f i c a t i o n  of  b r a c k i s h  w a t e r s ,  
V e n i c e ,  1 9 5 8 .  O i k o s ,  9 :3 1 1 -3 1 2 .
V e r r i l l ,  A, E.  1 8 8 0 - 1 8 8 1 .  N o t i c e  of  t h e  r e c e n t  a d d i t i o n s  t o  t h e  m a r i n e  
i n v e r t e b r a t e  o f  t h e  n o r t h e a s t e r n  c o a s t  of  AmerLca, w i th  
d e s c r i p t i o n s  o f  new g e n e r a  and  s p e c i e s  and c r i t i c a l  remarks  
o n  o t h e r s .  P a r t  I I  M o l l u s c a ,  w i t h  n o t e s  on A n n e l i d a ,  E ch ino-  
d e r m a t a  e t c . ,  c o l l e c t e d  by t h e  U. S.  F i s h  Commission.  F ro c .
U. S .  N a t .  Mus.  3 : 3 5 6 - 4 0 5 .
V e r r i l l ,  A. E.  1BB5* T h i r d  c a t a l o g u e  o f  M o l lu s c a ,  r e c e n t l y  added to  
t h e  f a u n a  o f  t h e  New England C o a s t  and th e  a d j a c e n t  p a r t s  of  
t h e  A t l a n t i c .  T r a n s .  Conn< Acad .  6 :395-452 .
120
V e r r i l l ,
V oge l ,  R
Vogel ,  R
V oge l ,  R
Wass, M.
A. E.  and S. X- S m i th .  1674.  The i n v e r t e b r a t e  a n i m a l s  o f  
V i n e y a r d  Sound and a d j a c e n t  w a t e r s  w i t h  an a c c o u n t  o f  t h e  
p h y s i c a l  f e a t u r e s  o f  t h e  r e g i o n .  Gov- P r i n t i n g  O f f . ,  
W as h in g to n ,  D. C. 2 v o l s .  478 p p .
K. 1969.  The  r e p r o d u c t i v e  b e h a v i o r  a n d  e a r l y  d e v e lo p m en t  
o f  t h e  e o l i d  n u d i b r a n c h  C r a t e n a  p i l a t a  C o u ld .  Amer. Z o o l .  
9 : 6 0 4 ,  ( A b a t r . )
M, 1971.  The  b i o l o g y  and a  r e d o s c r i p t i o n  o f  t h e  o p i s t h o b r a n c h  
m o l l u s c  Hermaea c r u c l a t a  G o u ld ,  from C h e s a p e a k e  Bay.  V e l i g e r .  
1 4 : 1 5 5 - 1 5 7 .
M. a n d  L. p .  S c h u l t z .  1970.  Cargoa  c u p e l l a , new g e n u s  and 
new s p e c i e s  o f  n u d i b r a n c h  f rom  C h es ap ea k e  Bay and  t h e  g e n e r i c  
s t a t u s  o f  O k e n ia  Henke ,  I d a l i a  L e u c k a t t ,  and  I d a l l a  f i r s  t e d .  
V e l i g e r .  1 2 : 3 8 8 - 3 9 3 .
L, ( E d . ) .  1972.  A c h e c k  l i s t  o f  t h e  b i o t a  o f  low er  C h esap ea k e
Bay .  Va. I n a t .  Mar. S c i .  S p e c .  S c i .  R e p o r t  No. 65.  290 pp .
W i l l i a m s ,  G. C. and  T,  M. G o s l i n e r ,  1 9 7 3 .  A new s p e c i e s  o f  a n a s p i d e a n
o p i s t h o b r a n c h  from t h e  Gulf  o f  C a l i f o r n i a  ( M o l l u s c a :  G a s t r o p o d a ) .  
V e l i g e r .  1 6 : 2 1 6 - 2 3 2 .
121
APPENDIX
C o l l e c t i o n  S t a t i o n s  f o r  O pisthobranch s
Maryland S t a t i o n s
B lo o d y  P o i n t
Knapps  N ar row s
H e r r i n g  Bay
C h o p ta n k  R i v e r
L i t t l e  C h o p t a n k  R i v e r
C . B . L .  p i e r ,  So lom ons ,  M a r y l a n d
S t . J o h n  C r e e k
S t .  L e o n a rd  C re e k
Bruotne I s l a n d
Queen T r e e  L a n d i n g
H a l l o w i n g  P o i n t
S t .  M ary’ s C o l l e g e  p i e r ,  S t .  Marys ,  M a r y la n d
H ooper  S t r a i t s  Beacon
D e a l  i s l a n d
M anokin  R i v e r
B ro ad  C re e k
V i r g i n i a  S t a t i o n s
G l o u c e s t e r  P o i n t  
D a v i s  Wharf  
M e t h o d i s t  Camp 
C rad d o ck  C r e e k  
H acks  Neck 
P u n g o t e a g u e  C r e e k  
F i n n e y ’ s C r e e k  
O nancock  C r e e k  
Nassawaddox  C r e e k  
C h e r r y s t o n e  C r e e k  
S a x i s  I s l a n d  
F i s h e r m a n ’s  I s l a n d  
Q ecahannoc k  C re e k
W a c h a p re a g u e  C h a n n e l ,  w i t h  s t a t i o n s  a t  t h e s e  m a rk e r s  
O s p r e y  L i g h t  
1 i  gli t  it h 
l i g h t  tf 6 
m a r k e r  if 9 
m a r k e r  it 121
L i t t l e  f o o l ’s  C r e e k  
m a r k e r  if 125 
m a r k e r  if 128
Quinby
Q uinby  B r i d g e  
C h i n c o t e a g u e  Bay 
W a l l o p s  I s l a n d  
Swash Bay 
W a c h a p re a g u e
Figure 7 .  C o l l e c t io n  s i t e s  o f  A p ly s ia  w i l l c q x i , P h y i l a p l y s i a
eng e l l  and  Glauctia a t l a n t i c u a  i n  V i r g i n i a  and  M a ry la n d .
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Figure 13 . C o l le c t io n  s i t e s  o f  D o r id e l la  obacura and
D o r l o p s l l l a  p ha rpa  I n  V i r g i n i a  and M ary land .
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F ig u re  15.  C o l l e c t i o n  s i t e s  o f  Cra tena  p l l a t a  and C r a t e n a  
kao ruae  in  V i r g i n i a  and Maryland-
9  Crattfla pifatp
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and tributary estuaries fr  Pritchard 1952, 
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A. A p l y s l a  w i l l c o x i ,  l a t e r a l  view
B . A p ly s i a  w i l l c o x i ,  d o r s a l  v iew
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Figu re
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A* E r c o L a n ja  a p , ,  d o r a a t  view
B. E r c o l a u l a  a p . ,  c e r a s
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C. Hermaea c r u c l a t a . egg mass
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A* P l a c i d a  d e n d r l t l c a , d o r s a l  v iew
B. P l a c i d a  d e n d r l t l c a , ceras
C. P l a c i d a  d e n d r l t l c a , egg mass
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F i g u r e
A. F o l y c e r e l l a  enter ton  I , d o r s a l  v iew
B. F o l y c e r e l l a  e m e r t o n l , v e n t r a l  v iew
C. F o l y c e r e l l a  e m e r t o n l , l a t e r a l  view
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A* A c a n t h o d o r i s  p i l o s a , l a t e r a l  view
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C. A c a n t h o d o r i s  p i l o s a , d o r s a l  view
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F i g u r e
A* O ken ia  c u p e l l a , d a r a a l  view
B . Okenia  c u p a l l a , egg mass
C. Oketi la c u p e l l a , l a t e r a l  view
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A* P o r i o p B i l l a  p h a r p a , d o r s a l  v ie w
B. D o r l o p s l l l a  p h a r p a , egg mass
C. P o r l o p s l l l a  p h a r p a , l a t e r a l  v iew
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B, T e n e l l i a  a d s p e r a a , v e n t r a l  v i e w
C, T e n e l l i a  a d a p e r a a , egg mass
D, T e n e l l i a  f u a c a t a , d o r s a l  v ie w
E, R a d u l a r  t e e t h
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B . C r a t e n a kaoruae
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and c o l o r
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A. C r a t e n a  p l l a t a , l a t e r a l  view
B. C r a t e n a  p l l a t a , c l o s e  up o f  egg mass showing a r r a n g e m e n t  
o f  egg c a p s u l e s
C. C r a t e n a  p l l a t a , d o r s a l  v iew showing c e r a t a  a r r a n g e m e n t  
and c o l o r  p a t t e r n
D. C r a t e n a  p l l a t a , egg mass
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D. l a t e  v e l i g e r
Volar c i lia  




S h e l l
Visceral m ate  and yolk




, l m m
P l a t e  22
D eve lopm enta l  s t a g e s  o f  D a r i o p s i l l a  p h a rp a
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A. day -o ld  j u v e n i l e
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F i g u r e
A* s p i c u l e s  o f  Dor lope I l i a  p ha rpa  10X
B. s p i c u l e s  o f  D o r l o p s l l l a  pha rpa  43X
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A* s p i c u l e s  o f  D o r i s  v e r r u c o s a  10X
B. s p i c u l e s  o f  P r o s u b e r i t e s  epiphytmm ( e n c r u s t i n g  sponge)  43X
C. s p i c u l e s  o f  Okenia c u p e l l a  10X
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D e v e lo p m e n ta l  s t a g e s  o f  T e n e l l l a  s p .
F i g u r e
A. egg tnass
11. e a r l y  v e l i g e r s
C. p r e - h a t c h i n g  v e l i g e r
D. v e l i g e r ,  3 d a y s  a f t e r  h a t c h i n g
Vi&caro
Visceral m ass
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a t  E a a t  C a r o l i n a  C o l l e g e ,  1965 t o  19 67- F a c u l t y  R esea rch  A s s i s t a n t  
i n  s e a  n e t t l e  p ro g ra m  a t  C h e s a p e a k e  B i o l o g i c a l  L a b o r a t o r y ,  Sa lom ons ,  
M a r y la n d ,  1967 t o  1971.  A t t e n d e d  The George  Washington  U n i v e r s i t y  
( n i g h t s ) ,  1969 t o  1971- Employed i n  D i v i s i o n  of  M o l lu s k s ,  S m i t h s o n i a n  
I n s t i t u t i o n ,  W a s h i n g t o n ,  D. C- ,  1971 t o  1972,  E n t e r e d  th e  S c h o o l  o f  
M a r i n e  S c i e n c e  o f  t h e  C o l l e g e  o f  W i l l i a m  and  Mary, W i l l i a m s b u r g ,  
V i r g i n i a ,  J u n e  1972- G r a d u a t e  A s s i s t a n t s h i p  i n  t h e  I n v e r t e b r a t e  
E co lo g y  D e p a r t m e n t ,  S e p t e m b e r ,  1972.
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